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AS  the  teaching  of  the  Elements  of  Chemistry  is 
- becoming  more  commonly  a part  of  regular  school 
work,  and  this  subject  is  included  in  nearly  every 
course  of  liberal  education,  it  is  hoped  that  this  Class 
Book  will  be  found  useful  as  a compendium  of  the 
fundamental  laws,  principles  and  facts  of  Chemical 
Science. 

My  purpose  throughout  has  been  to  give  as  briefly 
as  possible  some  account  of  the  most  important  chemical 
phenomena,  actions  and  changes,  with  the  laws  of 
chemical  combination  and  the  theoretical  explanations 
of  those  laws  commonly  accepted. 

After  a necessary  introduction,  in  which  a general 
outline  of  chemical  phenomena  and  the  laws  of  chemical 
action  is  given,  in  the  earlier  chapters  Water  and  Air 
are  treated  with  some  detail.  Since  they  are  themselves 
bodies  of  the  greatest  importance,  a more  complete 
treatment  of  their  chemical  and  physical  properties  and 
characters  is  adopted  than  would  be  possible  with  the 
rest  of  the  subject-matter.  The  experimental  demon- 
strations introduced  serve  as  a general  introduction 
to  chemical  method  and  operations. 
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It  is  presumed  that  the  Class  Book  will  be  used  011I3’ 
as  an  adjunct  to  experimental  lectures  and  other  prac- 
tical work  ; but  illustrations  with  explanations  of  im- 
portant experiments  are  furnished  to  make  the  work 
more  useful  and  complete.  In  many  cases  however 
experimental  verifications  of  facts  given  in  the  text  are 
merely  suggested,  without  detailed  descriptions  being- 
given. 

In  the  succeeding  chapters  the  Elements,  Carbon, 
Sulphur,  Chlorine,  Nitrogen  and  Phosphorus,  and  also 
Fluorine,  Boron  and  Silicon  are  taken  in  succession, 
with  their  chief  compounds  and  the  important  acids 
derived  from  them.  A chapter  on  the  Periodic  Law, 
with  a sketch  of  the  theories  relating  to  Acids,  Bases 
and  Salts  is  next  introduced,  as  the  student  at  this 
stage  will  be  able  to  compare  and  classify  the  characters 
of  the  non-metallic  elements,  and  in  consequence  will  ' 
be  in  a better  position  to  undertake  the  study  of  the 
metallic  elements,  of  which  the  distinctive  characters 
are  much  less  easily  grasped. 

The  metals  are  treated  simply  in  outline  and  only 
their  important  and  characteristic  compounds  touched 
upon.  A classification  based  upon  the  Periodic  Law  has 
been  adopted.  Although  students  can  only  attain  a 
satisfactory  knowledge  of  this  branch  of  chemistry  by 
actual  work  at  the  Laboratory  bench  it  is  hoped  that 
the  outlines  of  the  metals  here  given  will  be  found 
useful  as  an  introduction  to  their  study.  The  recent 
researches  by  V.  Meyer,  Scott,  and  others,  upon  the 
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vapour  densities  of  the  chlorides  of  Aluminium,  Iron, 
etc.,  having  fully  established  the  simplest  molecular 
constitution  of  these  bodies,  their  formulae  have  been 
modified,  and  in  a few  instances  therefore  are  not  in 
accordance  with  those  in  recent  use. 

In  the  selection  of  subjects  I may  state  that  I have 
followed  in  the  main  the  syllabus  of  the  Oxford  Local 
Examinations  for  Senior  Candidates  and  the  Exami- 
nation of  Women,  which  is  similar  in  extent  to  the 
syllabus  of  the  Preliminary  Examination  in  the  School 
of  Natural  Science  and  the  Preliminary  Examination 
for  Medicine  at  Oxford.  The  illustrations  and  diagrams 
are  .for  the  most  part  drawn  by  myself  from  the  appa- 
ratus I have  been  in  the  habit  of  using  in  lectures 
or  from  the  original  diagrams  in  the  memoirs  of  Dumas 
and  Boussingault  on  the  composition  of  Air,  Water,  and 
Carbon  Dioxide ; but  my  thanks  are  due  to  the  Dele- 
gates of  the  Press,  and  to  Professor  Williamson  and 
Messrs.  Harcourt  and  Madan,  for  permission  to  introduce 
some  other  blocks  which  are  also  employed. 

I have  likewise  to  record  my  thanks  to  my  colleague, 
Mr.  J.  E.  Marsh  of  Balliol  College,  for  kindly  assisting 
in  the  revision  of  proof  sheets. 

W.  W.  FISHER. 

Oxford  : August  13,  1888. 
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THE  METEIC  SYSTEM. 


The  Decimal  system  of  measures  of  length,  area,  volume  and 
weight,  used  in  France  and  Germany,  and  employed  for  reasons  of 
convenience  by  scientific  men  in  this  country,  is  based  upon  the 
standard  Metre. 

All  measures  of  length  are  referred  to  this  standard,  which  is 
equivalent  in  length  to  the  ten-millionth  of  the  earth’s  quadrant. 
The  standard  metre  is  made  of  platinum,  and  is  deposited  in  the 
archives  at  Paris  ; copies  of  it  have  been  constructed  and  carefully 
adjusted  so  as  to  be  equal  in  length.  In  comparison  with  English 
measures  the  Metre  equals 

1 .0936  yards, 
or  3.2809  feet, 
or  39-37079  inches. 


Measures  of  Length. 

The  decimal  multiples  and  decimal  fractions  of  the  Metre  are 
indicated  by  Greek  or  Latin  prefixes.  Thus  deKa  10,  eKarov  100, 
and  1000  give  the  multiples  decametre  (10  m.),  hectometre 

(loom.),  and  kilometre  (1000 m.) ; while  from  the  Latin  decern  10, 
centum  100,  mille  1000,  are  derived  decimetre  (.1  m.),  centimetre 
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Measures. 


(.01  m.),  and  millimetre  (.001  m.).  The  measures  most  commonly 
used  in  this  country  are  given  in  the  following  tables. 

Kilometre  = 1 000  metres  = 1 093 .6  yards. 

Metre  (m.)  = i metre  = 39-37  inches. 

Decimetre  = .1  „ = 3.93  „ 

Centimetre  = -oi  „ = .39  ,, 

Millimetre  = -ooi  „ = .039  „ 

A kilometre  is  nearly  1100  yards,  and  8 kilo- 
metres are  roughly  a little  less  than  5 miles. 

The  metre  is  nearly  40  inches,  and  the  decimetre, 
as  will  be  seen  from  the  figure,  is  nearly  4 inches. 
Also  a millimetre  is  approximately  -04=  gV  inch. 


I inch  = 2-54  c.m. 

12  inches  = I foot*=  30-48  c.m. 

Measures  of  Volume. 

If  we  take  a cube,  of  which  the  side  is  one  deci- 
metre or  10  centimetres,  we  obtain  a unit  volume 
of  one  cubic  decimetre  known  as  one  litre ; this  is 
1000  cubic  centimetres. 

I litre  or  cubic  decimetre  = 1000  c.c.  (cubic  centi- 
metres) and  is  nearly  1-76  pints,  or  61-03  cubic  inches. 

The  litre  and  the  cubic  centimetre  are  the  units 
commonly  employed  in  the  laboratory  for  measuring 
Inches  and  volumes  of  liquids  or  gases.  The  Hectolitre  (100  litres) 

Centimetres. 

is  used  as  a unit  of  measure  for  wine,  oil,  etc.,  for  trade  purposes. 


I cubic  inch=  16-38  c.c. 

1 cubic  foot  = 6-23  galls.  = 28-31  litres. 

I gallon  =4  quarts  = 4-544  litres. 

I pint  =20  fluid  ozs.  = 567-9  c.c. 
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Measures  of  Weight. 

The  unit  mass  employed  for  weighing  is  the  gramme.  A cubic 
centimetre  of  water  at  the  temperature  of  4°C.,  at  which  the  water 
is  at  its  maximum  density,  weighs  one  gramme.  The  kilogramme 
(Togo  g.)  is  the  only  multiple  in  common  use,  the  decimal  frac- 
tions used  being  the  decigramme,  the  centigramme,  and  the  milli- 
gramme. 


I kilogramme  =1000 

grammes 

= 2-205  lbs.  (avoird.) 

I gramme  = 

I 

gramme 

= 15.43  grains. 

I decigramme  = 

.1 

= 1-54  „ 

I centigramme  = 

.01 

3? 

= -154  „ 

I milligramme  = 

.001 

3? 

= .015  „ 

The  volume  of  one 

gramme  of  water  is  one  cubic  centi- 

metre ; and  the  volume  of  a kilogramme  of  water  is  one  litre 

(lOOO  C.C.). 


I grain  = 0648  gramme 

7000  grains=i  lb.  avoirdupois =453.6  „ 

I oz.  „ = 28.35 
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CHAPTEE  I. 

It  is  a familiar  fact  that  the  world  in  which  we  live 
and  the  objects  around  us  are  composed  of  an  infinite 
variety  of  material  substances  of  the  greatest  diversity 
of  characters.  The  rocks  composing  the  Earth,  such  as 
granite,  sandstone,  limestone,  chalk,  slate  and  clay;  the 
minerals  and  ores  frqm  which  metals  are  produced, . 
are  material  substances  obviously  different  from  each 
other  in  many  respects  ; while  in  the  world  of  living 
beings  the  varieties  of  animals  and  plants  and  the 
substances  formed  in  the  animal  and  vegetable  kingdom 
are  practically  infinite. 

Yet  we  learn  from  the  science  of  chemistry,  which 
deals  with  the  composition  of  all  these  objects,  that  only 
some  seventy  odd  elementary  or  simple  substances  exist, 
and  that  by  combinations  of  these  few  elements  the 
countless  varieties  of  things  we  see  are  produced. 

The  science  of  chemistry  then  has  for  its  object  the 
study  of  the  properties  of  the  elements  and  the  discovery 
of  the  laws  ruling  their  combinations  one  with  another. 
Beginning  with  elements,  we  look  upon  these  only 
as  distinct  kinds  of  matter  ; since  they  cannot  be  re- 
' solved  into  simpler  kinds  of  substances,  nor  formed  from 
the  union  of  other  substances,  nor  changed  by  any 
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2 Mixtures  and  Compounds. 

means  into  each  other.  The  belief  in  any  possible 
transmutation  of  elements  finds  no  place  in  modern 
chemistry. 

But  chemistry  is  experimental,  and  attempts  are  con- 
stantly made  to  break  up  or  decompose  these  elements ; 
should  such  attempts  succeed  in  any  instance,  the  sub- 
stance so  decomposed  would  of  course  cease  to  bo  looked 
upon  as  elementary ; but  so  long  as  the  attempts  fail  we 
must  regard  our  present  stock  of  elements  as  ultimate 
simple  bodies. 

We  have  no  power  to  increase  or  diminish  in  any 
degree  the  quantity  of  matter : as  regards  chemical 
elements,  we  can  neither  create  nor  destroy.  All  matter 
is  subject  to  attraction  by  other  matter,  and  the  attrac- 
tion of  the  earth  or  gravitation  is  measured  or  expressed 
as  weight.  Now  in  chemical  change  a given  mass  or 
weight  of  an  element  may  pass  in^to  combinations  of  any 
kind,  but  the  mass  or  weight  of  the  element  cannot  be 
changed.  We  express  this  fact  by  saying  that  Matter  is 
indestructible. 

When  elements  unite,  the  bodies  produced  are  called 
compounds,  and  the  change  is  called  a combination  of 
the  elements.  A compound  may  be  formed  of  two  ele- 
ments or  a greater  number ; thus  water  contains  two 
elements  (oxygen  and  hydrogen),  sugar  contains  three 
(oxygen,  hydrogen,  and  carbon),  and  four,  five,  or  more 
elements  may  enter  into  complex  substances. 

To  illustrate  what  is  intended  by  combination,  let  two 
elements,  iron  and  sulphur,  be  brought  together  b}^  rub- 
bing iron  filings  with  fiowers  of  sulphur  in  a mortar.  In 
this  way  Ave  produce  a mixture  in  which  the  tAVO  sub- 
stances are  each  present  still  in  the  elementary  form  but 
not  combined  Avith  each  other.  Such  a mixture  is  easily 
separated  into  the  materials  from  Avhich  it  was  made ; 


Mixtures  and  Compounds.  3 

the  iron  particles  can  be  picked  out  by  a magnet,  or  the 
two  can  be  separated  by  washing,  or  one  may  be  dissolved 
b}^  a solvent,  leaving  the  other.  If  also  we  examine  such 
a mixture  under  a microscope,  the  particles  of  iron  and 
of  sulphur  are  seen  to  be  still  there.  But  if  the  mixture 
is  heated  strongly  in  a glass  tube,  combination  will  take 
place,  and  a chemical  compound,  viz.  sulphide  of  iron, 
will  be  produced.  No  longer  is  it  possible  to  separate 
the  elements  by  any  such  simple  methods  as  sifting  or 
washing,  nor  can  iron  or  sulphur  be  recognised  under  the 
microscope.  In  the  compound  we  have  a substance, 
apparently  of  a new  kind  formed  by  chemical  action. 

Another  example  of  a mixture  which  is  of  a purely 
mechanical  kind  is  gunpowder,  produced  by  intimately 
mixing  sulphur  and  charcoal  with  nitre.  To  the  eye  it 
is  a uniform  mass  of  similar  grains,  but  we  can  easily 
separate  the  three  ingredients  as  follows  : — Boil  a little 
powder  in  water  and  pass  the  liquid  through  a filter ; 
the  nitre  dissolves  in  the  water  and  passes  through  the 
paper,  leaving  behind  only  a mixture  of  sulphur  and 
charcoal. 

These,  after  being  dried,  are  separated  by  boiling  with 
carbon  di- sulphide  which  dissolves  only  the  sulphur,  and 
filtering  the  solution.  The  charcoal  is  left  on  the  filter 
paper,  while  the  sulphur  passes  through  and  can  be  ob- 
tained by  leaving  the  solution  exposed  to  the  air  ; in  a 
short  time  the  volatile  liquid  disappears,  leaving  crystals 
of  sulphur.  In  a similar  way  the  solution  of  nitre,  by 
gentle  heating,  may  be  evaporated  until  crystals  are  ob- 
tained. Thus  by  simply  dissolving  the  constituent  parts 
in  a suitable  way  we  separate  our  gunpowder  into  the 
substances  from  which  it  was  made. 

But  let  another  portion  of  powder  be  set  on  fire  ; 
instantly  a violent  chemical  action  takes  place ; the 
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4 Heat  of  Chemical  Action. 

charcoal  and  sulphur  are  burnt,  and  their  separation 
from  the  gases  formed  would  be  a very  difficult  and 
tedious  operation,  and  impossible  by  the  simple  means 
used  with  the  mixture. 

When  a chemical  union  takes  place  we  usually  notice 
a change  of  temperature.  Heat  is  in  most  cases  given 
out  (less  frequently  absorbed),  so  that  the  acting  bodies 
become  warmer.  For  instance,  let  dilute  sulphuric  acid 
be  poured  upon  zinc  in  a flask ; a gas  (hydrogen)  is  seen 
to  escape  with  effervescence,  and  the  metal  gradually 
dissolves  in  the  acid,  which  becomes  warm  as  the  action 
goes  on  ; a thermometer  shows  the  rise  of  temperature, 
which  can  also  be  felt  when  the  hand  is  placed  on  the 
flask.  The  burning  of  gas,  a candle,  a fire,  etc.  are 
chemical  actions  of  great  intensity,  producing,  besides 
sensible  heat,  light  also. 

The  amount  of  energy  in  the  form  of  heat  produced  by 
chemical  actions  has  been  measured  by  finding  how  much 
a given  quantity  of  water  is  warmed.  A thermal  unit 
is  the  heat  required  to  raise  the  temperature  of  a gramme 
of  water  from  0°C.  to  1°C.  If  hydrogen  gas  is  burnt  in 
a platinum  vessel  under  water,  the  heating  power  of  its 
union  with  oxygen  may  easily  be  found,  and  measured 
by  the  amount  the  water  is  warmed.  This  value  is 
about  34,000 ; that  is,  a gramme  of  hydrogen  (one  unit 
weight)  in  burning  is  capable  of  heating  34,000  grammes 
(or  unit  weights)  of  water  one  degree 

Besides  the  change  of  temperature  produced  by 
chemical  action,  there  are  usually  changes  in  the  physical 
properties  of  the  elements  used.  A compound  is  not  in 
its  characters  like  the  substances  out  of  which  it  is  formed, 
but  as  a rule  is  entirely  different.  Many  examples  of 

^ The  thermal  unit  or  calorie  is  expressed  by  the  letter  C.,  and  this  value 
is  written  as  34,000  C. 
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Laws  of  Chemical  Combination. 

this  will  be  noticed  later,  but  we  may  mention  one 
instance — the  differences  between  bright  iron  and  the 
rust  which  forms  when  it  unites  with  oxygen  from  the 
air. 

Laws  of  Chemical  Combination. 

Thus  far  we  have  only  considered  certain  physical 
differences  between  mixtures  and  compounds ; but  a 
most  important  distinction  is  found  when  we  consider 
the  quantities  of  the  substances  which  may  be  used  in 
either  case.  For  although  we  can  mix  elements  in  all 
proportions,  they  will  only  combine  in  fixed  and  definite 
proportions.  Thus  if  we  rub  together  sulphur  and 
mercury  in  a mortar,  we  can  vary  the  quantities  at  will ; 
but  if  the  mixture  be  heated,  the  elements  only  unite  in 
definite  quantities,  and  any  excess  of  either  is  left  and 
cannot  enter  into  the  compound.  And  the  first  law  of 
chemical  combination  is  that  it  always  takes  place  in 
definite  proportions.  It  is  proved  by  analysis  that  a 
compound,  whatever  be  its  origin  or  mode  of  preparation, 
is  always  composed  of  the  same  proportions  of  elements 
and  has  always  the  same  composition. 

Thus  common  salt  contains  (when  pure)  6o*6i  per 
cent,  of  chlorine  and  39-39  per  cent,  of  sodium,  and  no 
variation  from  these  proportions  is  ever  known.  And 
a similar  constancy  of  composition  is  found  in  every 
definite  compound. 

Combination  in  Multiple  Propoktions. 

Although  the  proportions  in  which  elements  unite  are 
definite,  it  is  possible  to  have  compounds  of  two  or  more 
elements  in  more  than  one  ratio  ; thus  carbon  and  oxygen 
unite  and  form  two  distinct  oxides,  expressed  in  symbols 
as  CO,  CO2,  and  the  second  contains  twice  as  much  oxygen 
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as  the  first,  the  quantity  of  carbon  being  the  same  in 
both  ; or  mercury  and  chlorine  unite  to  form  two  distinct 
chlorides,  written  HgCl2  and  Hg2Cl2,  in  which  the 
mercury  is  doubled  while  the  chlorine  is  the  same  in 
each.  And  numerous  other  examples  are  met  with.  But 
in  all  such  cases  the  proportions  of  the  variable  element 
bear  a simple  multijjle  relation  to  each  other. 

Combination  in  Reciprocal  Proportions. 

We  find  also  that  the  proportions  in  which  elements 
combine  are  reciprocal  towards  one  another,  and  can  be 
exchanged  in  compounds.  Thus  suppose  we  know  that 
any  three  elements  combine:  if  the  proportion  of  the 
first  pair  is  expressed  by  the  ratio  a : h and  the  second  by 
h : we  shall  find  that  the  first  and  third  unite  in  the 

ratio  a : c [or  in  a simple  multiple  of  this  ratio]. 

We  may  take  as  an  example  the  elements  mercury, 
oxygen,  and  chlorine,  and  express  the  ratios  in  which  they 
combine  thus  : — 

Hg  : 0 : CI2  — 200  : 16  : 71. 

Then 

I.  Mercuric  oxide  HgO  = 200  : 16. 

II.  Mercuric  chloride  HgCb  = 200:  71. 

III.  Chlorine  oxide  OClj  = 16:71. 

When  we  know  the  first  two  ratios  we  can  infer  that 
if  the  third  compound  is  formed,  oxygen  and  chlorine 
will  unite  in  the  ratio  of  16:71  (or  simple  multiples  of 
these  numbers). 

By  analysis  we  can  discover  what  elements  are  present 
in  any  substance,  and  further  we  can  find  out  how  much 
of  each  is  present.  For  the  first  purpose  analysis  is  said 
to  be  qualitative,  and  for  the  second  quantitative. 

Since  the  elements  combine  only  in  fixed  and  definite 
proportions  and  these  quantities  stand  in  reciprocal 
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relations,  we  can  express  how  much  of  one  element  com- 
bines with  another  element  by  numbers,  and  these  num- 
bers are  the  combining  weights  of  the  elements.  They 
express  only  the  relations  of  the  weights  which  can  com- 
bine with  one  another  ; the  numbers  thus  determined  are 
purely  experimental,  and  do  not  depend  upon  any  theory 
of  atoms.  Sometimes  the  expression  equivalent  weight 
is  used  for  the  same  purpose,  to  express  either  the  weights 
of  elements  which  combine  together,  or  the  weights  which 
replace  each  other  in  reciprocal  combinations.  In  the 
- example  just  given  we  may  say  that  i6  parts  of  oxygen 
are  equivalent  to  71  parts  of  chlorine,  since  they  each 
combine  with  200  parts  of  mercury. 

Atoms  and  Molecules. 

In  order  however  to  explain  the  laws  of  chemical 
combination,  John  Dalton  in  1808  proposed  the  Atomic 
Theory,  which  with  slight  change  is  the  explanation 
now  generally  accepted.  But  it  must  be  kept  in  mind 
that  this  ‘ hypothesis  ’ for  chemical  changes  is  not  a 
matter  which  can  be  verified  and  proved  by  experiment 
as  the  laws  of  chemical  combination  are,  but  is  a step 
beyond  our  experimental  methods  and  an  attempt  to 
explain  the  reasons  for  our  experimental  results. 

It  is  supposed  then  that  matter  cannot  be  divided  to 
an  infinite  extent,  but  that  it  consists  ultimately  of 
indivisible  and  indestructible  particles  which  are  primi- 
tive atoms.  All  atoms  of  any  element  are  alike,  and 
for  each  element  the  atom  has  a definite  mass  and 
weight.  When  chemical  union  takes  place,  we  suppose 
the  atoms  unite  by  each  one  joining  itself  to  one  other,  or 
to  two  others  or  three  others  as  the  case  may  be  ; so  that 
every  chemical  compound  has  a constant  composition, 
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since  the  proportions  in  which  the  atoms  combine  are 
constant.  Thus,  if  one  particle  of  water  contains  two 
atoms  of  hydrogen  and  one  atom  of  oxygen,  every  other 
particle  is  similarly  composed,  and  however  great  or 
small  the  number  of  pai*ticles,  since  the  composition  of 
each  is  constant,  so  is  the  composition  of  the  whole. 
We  have  used  the  term  particle  to  express  the  com- 
pound formed  by  atomic  combination  of  the  elements, 
but  a more  convenient  and  common  term  is  molecule. 
We  mean  b}^  a molecule  of  water  the  unit  of  water 
which  is  produced  by  the  union  of  the  atoms,  so  that 
the  molecule  is  the  primitive  particle  of  water  ; which 
if  broken  up  would  divide  only  into  the  atoms  of  the 
elements  composing  it. 

Avogadro’s  Hypothesis. 

Next  in  importance  to  the  Atomic  Theory  as  a help 
to  explaining  chemical  action  is  the  hypothesis  of 
Avogadro  put  forth  about  the  year  i8ii.  He  supposes 
that  all  gases  under  similar  conditions  of  pressure  and 
temperature  are  composed  of  particles  (or  molecules) 
in  motion  and  also  that  the  number  of  molecules  in  a 
given  volume  is  equal  for  every  gas,  under  similar 
conditions.  Thus  a litre  flask,  whether  filled  with  hy- 
drogen or  oxygen,  or  ammonia  or  steam,  etc.,  contains 
the  same  number  of  molecules  under  similar  conditions 
of  temperature  and  pressure.  It  is  a fact  proved  by 
abundance  of  experiments  that  gases  combine  with 
each  other  in  simple  relations  of  volume,  that  is,  in 
equal  volumes  or  one  volume  to  two,  etc.,  and  this 
fact  is  easily  understood  when  we  know  that  in  equal 
volumes  of  these  are  the  same  number  of  molecules 


’ This  number  is  estimated  to  be  lo’”  molecules  in  i cc.  of  gas. 
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Some  important  consequences  follow  from  this  hypo- 
thesis. Suppose  we  take  equal  volumes  of  hydrogen 
and  of  chlorine,  and  mix  them  and  then  expose  the 
mixture  to  light ; the  compound  hydrogen  chloride  is 
formed,  and  no  alteration  of  volume  takes  place.  We 
can  represent  this  by  a diagram  : — 


CI2 

= 

HCl 

HCl 

We  see  that  in  the  compound  in  a given  space  we 
shall  have  a certain  number  of  molecules  made  up  of 
dissimilar  atoms  (H,  Cl),  while  in  the  same  space  when 
filled  with  an  elementary  gas  there  are  (by  hypothesis) 
the  same  number  of  molecules  which  are  made  up  of 
similar  atoms  (H,  H)  and  (Cl,  Cl). 

From  this  reasoning  we  arrive  at  the  conclusion 
that  a molecule  of  hydrogen  is  H2  and  a molecule 
of  chlorine  is  CI2 : and  we  are  in  a position  to  de- 
termine the  weight  of  the  molecule  of  any  other 
element  or  compound  in  the  gaseous  form  by  weighing 
some  defined  volume  and  comparing  the  weight  with 
that  of  the  same  volume  of  hydrogen  at  standard 
temperature  and  pressure.  The  following  examples 
will  illustrate  this,  but  many  others  will  be  given 
later. 

It  is  found  by  experiment  that  22-4  litres  of  hydrogen 
(t  = o°  C.,  Bar.  y6o  mm.)  weigh  2 grams:  we  will  use 
this  volume  for  comparison. 
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Symbol. 

I. 

Experimental 
Weight  of 
22'4  litres. 

II. 

Theoretical 

Molecular 

Weight. 

“ 

III. 

Experimental 

Vapour 

Density. 

II  = I. 

H2  Hydrogen 

grams. 

2 

2 

I 

0.,  Oxygen 

32 

32 

16 

N2  Nitrogen 

28 

28 

14 

CI2  Chlorine 

71 

71 

35-5 

HCl  Hydrogen  Chloride 

36-5 

36-5 

18-25 

H2O  Steam  , 

18 

18 

9 

NHg  Ammonia 

17 

17 

8.5 

H4C  Marsh  Gas 

16 

16 

8-0 

Column  III  shows  the  vapour  density  in  each  case 
as  compared  with  hydrogen  taken  as  unity.  The  vapour 
density  is  one  half  of  the  molecular  weight,  and  is 
calculated  directly  from  the  experimental  results  in 
column  I : it  gives  the  ratio  of  the  weights  of  equal 
volumes  of  the  gases  compared  with  hydrogen  as 
unity. 


Atomic  Weights. 

The  numbers  given  as  the  atomic  weights  of  the 
elements  are  intended  to  express  the  relative  weights  of 
the  atoms  ; taking  the  weight  of  an  atom  of  hydrogen 
as  unity.  They  obviously  cannot  be  found  directly, 
but  are  determined  usually  from  the  following  data  : — 

(1)  The  equivalent  or  combining  weight  of  the  ele- 
ment is  found  by  analysis  or  synthesis  of  its  compounds. 

(2)  The  molecular  weight  is  calculated  from  the  vapour 
density  of  the  element  or  some  compound. 

(3)  The  specific  heat  of  the  element  is  determined,  if 
possible.  The  application  of  these  data  to  the  cases  of 
the  principal  elements  and  their  compounds  are  sepa- 
rately discussed  hereafter. 

The  following  tables  give  the  elements  with  their 
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symbols  and  atomic  weights  as  far  as  they  are  at  present 
known  ;,but  we  have  only  to  deal  with  those  of  frequent 
occurrence. 


Hydrogen  . 

. . . H . 

. . . I 

Helium  . . . 

. . . 2*1 

Lithium  . . 

. . . Li. 

. . . 7 

Beryllium  . 

. . . Be 

. . . 9 

Boron  . . . 

. . . B . 

. . . II 

Carbon  . . . 

. . . C . 

. . . 12 

Nitrogen  . . 

. . . N . 

. . . 14 

Oxygen.  . . 

. . . 0 . 

. . . 16 

Fluorine  . . 

. . . F . 

. . . 19 

Argon.  . . . 

. . . A . 

. . . 19*9 

Sodium . . . 

. . . Na 

. . . 23 

Magnesium 

...  Mg 

...  24 

Aluminium 

. . . Al. 

...  27 

Silicon  . . . 

...  Si . 

...  28 

Phosphorus 

. . . P . 

. . . 31 

Sulphur  . . 

. . . s . 

...  32 

Chlorine  . . 

...  Cl 

• • • 35-5 

Potassium  . 

. . . K . 

• • • 39 

Calcium  . . 

. . . Ca 

. . . 40 

Scandium  . 

...  Sc 

...  44 

Titanium . . 

. . . Ti 

...  48 

Vanadium  . 

. . . V . 

...  51 

Chromium  . 

. . . Cr 

...  52 

Manganese 

. . . Mn 

...  55 

Iron 

. . . Fe 

...  56 

Nickel  . . . 

. . . Ni 

. . . 58-6 

Cobalt  . . . 

...  Co 

...  59 

Copper . . . 

. . . Cu 

. . . 63 

Zinc 

. . . Zn 

...  65 

Gallium  . . 

...  70 

Germanium 

. . . Ge 

...  72 

Arsenic.  . . 

...  75 

Selenium.  . 

...  79 

Bromine  . . 

. . . Br 

...  80 

Rubidium  . 

. . . Rb 

...  85 

Strontium  . 

...  Sr 

...  87 

Yttrium Yt  . . 89 

Zirconium  . . . . Zr  . . . 90 

Niobium Nb  . . 94 

Molybdenum  . . Mo  . . 96 

Ruthenium  . . . Ru  .,101 

Rhodium Rh  . . 103 

Palladium  ....  Pd  . . 106 


Silver Ag  . . 108 

Cadmium Cd  . . 112 

Indium In  . . . 114 

Tin Sn.  . . 118 

Antimony  . . . . Sb  . . 120 

Tellurium  . . . . Te  . . 125 

Iodine I ...  127 

Caesium Cs  ...  133 

Barium Ba  . . 137 

Lanthanum  ...  La  . . 138 

Cerium Ce  . . 140 

Didymium  . . . . Di  . . 144 

Samarium  ....  Sm  . . 150 

Terbium Tr  . . 160 

Erbium Er  . . 166 


Ytterbium  ....  Yb  . . 173 

Tantalum  . . . . Ta  . . 182 

Tungsten W . . 184 

Osmium Os  . . 191 

Iridium Ir  . . . 193 

Platinum Pt  . . 194*5 

Gold Au  . . 197 


Mercury Hg  . . 200 

Thallium T1  . . . 204 

Lead Pb  . . 207 

Bismuth Bi  . . 208 

Thorium Th  . . 232 

Uranium U ...  240 


Symbols  are  used  to  represent  the  elements,  and  a 
combination  is  expressed  by  writing  s-ymbols  side  by 
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side ; thus,  HgO  means  a compound  of  mercury  and 
oxygen.  The  plus  sign  is  used  for  simple  admixture ; 
Hg  + S signifies  a mixture  of  mercury  and  sulphur. 

The  formula  of  a compound  is  intended  to  show  its 
composition,  and  it  expresses  the  elements  present  in  a 
compound  and  also  the  quantity  of  each ; every  symbol 
for  an  element  being  used  to  indicate  the  atomic  weight 
of  that  element.  Thus  the  formula  for  water  is  H2O, 
and  signifies  that  water  is  a compound  of  hydrogen  and 
oxygen,  and  taking  the  atomic  weight  of  hydrogen  as  i 
and  that  of  oxygen  as  16,  we  know  from  the  formula 
that  water  contains  2 parts  by  weight  of  hydrogen  and 
16  parts  by  weight  of  oxygen.  Again,  potassium  chlorate 
is  represented  by  the  formula  KCIO3,  and  b}^  using  the 
atomic  weights  given  in  the  table,  we  get 

Potassium.  . . . = K = 39.0  parts  by  weight. 

Chlorine  . . . . = Cl  = 35.5  „ „ 

Oxygen  . . . . = O3  =48 

Potassium  Chlorate  = KCIO3  = 122.5  ,,  „ 

From  these  numbers  it  is  obviously  easy  to  find  the 
composition  per  cent,  of  the  substance  ; thus 


Potassium 

39  . 

100 

122.5 

Chlorine 

35-5  . 

100 

122.5 

Oxygen 

X 

122.5 

100 

31-84  per  cent. 

28.98 

39- 1 8 
1 0000 


Chemical  changes  are  usually  represented  by  equa- 
tions, and  the  substances  on  the  left  represent  the  be- 
ginning and  those  on  the  right  the  end  of  the  reaction. 

Thus  the  simple  combination  of  hydrogen  with  oxy- 
gen to  form  water  is  represented  by  the  equation 
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and  the  decomposition  of  water  into  its  elements  is 
written 

H,0  = R,  + 0; 

or  we  may  have  reactions  in  which  two  comnounds  take 
part,  such  as 

AgNOg  + NaCl  = AgCl  + NaNOa. 

Silver  nitrate  with  sodium  chloride  forms  silver  chlo- 
ride and  sodium  nitrate ; this  is  an  example  of  double 
decomposition. 

Since  the  equation  represents  the  pimititaiive  changes » 
as  well  as  the  qiialitative.,  we  can  easily  arrive  at  the 
quantities  of  the  reacting  bodies  and  also  of  the  products. 


Thus : — 

Ag  = 108 

Na  = 23 

Ag  108 

Na  23 

N =14 

Cl  = 35-5 

Cl  35-5 

N 14 

•O3  = 48 

O3  48 

AgNOs  = 170 

NaCl  = 58.5 

143-5 

85 

Or  170  parts  by  weight  of  silver  nitrate,  with  58-5  parts 
of  sodium  chloride,  produce  143-5  parts  of  silver  chloride 
and  8 5 parts  of  sodium  nitrate ; and  the  total  weights 
on  opposite  sides  are  identical, 

170  + 58.5  = 143-5  + 85. 


CHAPTEE  II. 


Hydrogen ; H.  Atomic  weight  = 1.  Density  = 1. 

Molecular  weight  = 2 = Hg. 

Hydrogen  in  the  free  gaseous  state  is  only  found  in 
nature  in  small  quantity  issuing  from  earth  crevices  in 
volcanic  districts,  or  near  petroleum  wells. 

It  exists  in  combination  everywhere ; as  a constituent 
of  water,  of  all  plants  and  animals,  and  in  numerous 
minerals,  abundantly  in  coal,  petroleum,  bitumen,  etc., 
and  to  a lesser  degree  in  rocks.  The  element  may  be 
separated  from  any  of  its  compounds,  but  is  usually 
obtained  from  water  or  dilute  acids.  For  laboratory 
purposes  it  is  most  convenient  to  prepare  the  gas  by 
acting  upon  dilute  sulphuric  acid  with  zinc. 

A flask  is  provided  with  a well-fitting  cork  bored 
with  two  holes  ; one  is  fitted  with  a bent  glass  tube  to 
carry  off  the  gas,  the  other  admits  a thistle  funnel 
which  passes  nearly  to  the  bottom  of  the  fiask,  and 
serves  for  a safety  tube.  Granulated  zinc  is  placed  in 
the  fiask,  and,  the  apparatus  being  fitted  together,  dilute 
sulphuric  acid  is  poured  down  the  thistle  funnel ; fig.  i . 
A convenient  strength  is  one  part  of  acid  to  seven  of 
water ; strong  acid  must  not  be  used.  At  once  the 
acid  begins  to  dissolve  the  metal  and  a gas  comes  off 
briskly  with  effervescence.  As  the  action  proceeds,  the 
liquid  will  be  found  to  get  warm,  and  the  gas  will  come 
off  more  quickly  in  consequence  of  the  rise  in  tempera- 
ture. At  first  the  hydrogen  is  mixed  with  air  from  the 
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flask,  and  the  first  portions  of  the  gas  should  not  be 
collected ; after  a few  minutes  the  gas  can  be  collected 
over  water  in  the  pneumatic  trough,  and  several  jars 
filled  for  experiments. 


Fig.  I. 


We  can  represent  the  chemical  action  in  symbols  by 
an  equation  thus  : — 

Zn  + H2SO4  = Z11SO4  + H2. 

Zinc  and  sulphuric  acid  become  zinc  sulphate  and 
hydrogen.  The  metal  zinc  displaces  hydrogen  from  the 
sulphuric  acid  and  is  converted  into  zinc  sulphate, 
which  dissolves  in  the  water  present.  If  we  wish  to 
obtain  the  zinc  sulphate,  we  pour  oflf  the  solution  and 
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Decomposition  of  Water. 


filter  it  (to  remove  any  particles  of  solid  matter  or  any 
impurities  from  the  zinc),  and  gently  evaporate  the 

liquid  so  as  to  get  rid  of  the  water: 
finally,  white  crystals  of  zinc  sul- 
phate will  be  obtained. 

This  method  of  preparing  hy- 
drogen may  be  varied  by  using 
hydrochloric  acid  in  the  place  of 
sulphuric,  or ' we  may  use  the 
metal  iron  instead  of  zinc  with 
either  acid. 

Hydrogen  can  be  obtained  from 
water  in  several  ways. 

I.  Water  is  decomposed  by 
electricity.  When  an  electric 
current  from  three  or  more  cells 
of  a battery  (such  as  Grove’s) 
is  passed  between  two  platinum 
plates  in  water,  containing  some 

(y^o)  sulphuric  acid,  the  water  is  decomposed ; hydrogen 
being  given  off  from  one  plate  and  oxygen  from  the  other. 

By  using  a pair  of  tubes  over 
the  platinum  plates  we  can  collect 
the  gases  separately  and  examine 
their  properties  (fig.  3). 

II.  Hydrogen  is  liberated  from 
water,  even  when  cold,  by  certain 
metals. 

A piece  of  potassium  thrown  on 
water  floats  about  and  acts  so  ener- 
getically that  the  liberated  hydro- 
gen takes  fire.  Sodium  behaves  in  a similar  manner,  but 
is  less  active.  If  we  roll  a piece  of  paper  tightly  round  a 
small  stick  of  sodium,  fastening  it  so  as  to  leave  one  end 


Fig.  2. 


Hg.  3- 
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open,  and  hold  it  under  an  inverted  tube  filled  with 
water,  the  hydrogen  given  oiF  is  caught  and  can  be 
examined  (fig.  3). 

The  change  is  thus  represented  : — 

2H2O  + Naa  = 2NaOH  + H2. 

Water  and  sodium  yield  sodium  hydrate  and  hy- 
drogen. 

III.  Hydrogen  is  set  free  from  water  by  iron  at  a red 
heat. 

For  showing  this,  an  arrangement  shown  in  the  figure 
4 may  be  used. 


Fig.  4. 


A length  of  iron  gas-pipe  is  filled  with  iron  nails  and 
placed  in  a gas-furnace  by  which  it  can  be  made  red  hot. 
Steam  is  obtained  from  a tin  can  heated  by  a separate 
burner  and  passed  through  the  iron  tube,  the  hydrogen 
being  collected  over  water  in  the  trough.  The  tin  vessel 
should  be  provided  with  a glass  tube  open  at  each  end 
and  reaching  nearly  to  the  bottom  to  act  as  a safety 
valve. 

The  chemical  change  in  this  case  is  shown  by  the 
equation 

3Fe  4-  4H2O  -=  FegO^  + 4H2. 

Water  and  iron  produce  iron  oxide  and  hydrogen. 
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1 8 Properties  of  Hydrogen. 

Note.  If  the  nails  are  already  coated  with  oxide  they 
should  be  heated  to  redness  in  the  tube  and  reduced  by 
hydrogen  gas  or  common  coal  gas. 

Properties  and  Characters. 

Hydrogen  gas  thus  obtained  is  colourless  and  in- 
visible ; it  burns  in  air  with  a pale  flame  forming  water, 
and  mixed  with  air  or  oxygen  makes  a highly  explosive 


Fig.  5. 


mixture.  It  is  the  lightest  of  all  elements,  and  is  for  this 
reason  adopted  as  a standard  of  density.  Taking  hydro- 
gen as  unity,  the  density  of  air  is  about  14I  . It  was  at 
one  time  thought  to  be  a permanent  gas,  but  by  great 
pressure  and  a great  reduction  of  temperature  it  has  been 
obtained  as  a liquid.  All  non-metallic  elements  and 
many  metals  form  compounds  with  hydrogen. 

The  flame  of  burning  hydrogen  is  extremely  hot,  and 
if  oxygen  gas  is  driven  into  it  the  heat  becomes  so 
intense  that  few  substances  resist  its  melting  power. 
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Silver,  gold,  and  even  platinum  melt  and  boil  in  the 
flame.  Lime  does  not  melt,  but  glows  vividly ; and  the 
intense  brilliant  light  so  produced  (lime  light)  is  often 
used  for  illuminating  purposes. 

The  following  experiments  may  be  performed  with  the 
gas  to  show  its  properties  : — 

1.  A toy  balloon  or  soap-bubbles  filled  with  hydrogen 
rise  rapidly  in  air. 

2.  The  gas  escapes  slowly  from  a jar  held  mouth 

downwards ; instantly  if  held  mouth  upwards : or 

hydrogen  can  be  po'ured  from  one  jar  upwards  into 
another  (fig.  5). 


Fig.  6. 


3.  Let  two  beakers  be  suspended  on  a balance  mouth 
downwards;  if  a jar  of  hydrogen  be  poured  upwards  into 
one  of  them,  the  arm  of  the  balance  will  rise  on  that 
side  (fig.  6). 

4.  The  combustible  character  of  the  gas  is  shown  by 
lighting  a jar  of  the  gas  ; if  pure,  it  burns  quietly  with- 
out explosion. 

5.  Pass  a lighted  taper  into  a jar  of  hydrogen,  held 
mouth  down;  the  gas  kindles,  but  the  taper  will  not  burn 
in  the  gas,  but  will  light  again  as  it  is  withdrawn. 

c 1 
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6.  A small  jet  of  oxygen  or  air  brought  into  ajar  of 
burning  hydrogen  will  inflame  and  burn  within  the 
hydrogen  gas  (fig.  7). 


Fig.  7. 


Calculation  of  the  Weight  and  Volume  of 

Hydrogen. 

The  equation  for  the  formation  of  hydrogen  given 
above  is 

Zn  + H2SO4  = ZnS04  + H2, 

65  + 2 + 32  + 64  = 65  + 32  + 64  + 2 ; 

and  by  filling  in  the  atomic  weights  of  the  elements  in 
the  equation  we  see  that  65  parts  of  zinc  with  98  of 
sulphuric  acid  yield  161  of  zinc  sulphate  and  2 parts  of 
hydrogen.  We  are  able  therefore  to  calculate  from  ally 
weight  of  zinc  what  weight  of  hydrogen  will  be  given 
off. 

And  the  volume  of  2 grammes  of  hydrogen  is  22*4 
litres,  or  one  litre  of  hydrogen  weighs  *0896  grammes. 

Note.  The  heat  produced  by  burning  one  gramme  of 
hydrogen  is  34,000  C.  See  page  4. 
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Oxygen ; O.  Atomic  weight,  16.  Density,  16. 

Molecular  weight  = 32  = Og. 

Oxygen  is  the  most  abundant  of  the  elements  ; being 
in  actual  weight  nearly  one-half  of  the  total  quantity  of 
the  outside  portions  of  the  earth  of  which  the  composi- 
tion is  known  to  us.  In  the  free  uncombined  state  it 
forms  about  one-fifth  of  the  atmosphere ; in  the  com- 
bined form  it  is  eight-ninths  of  the  mass  of  the  water  of 
the  globe ; it  is  also  present  as  the  chief  constituent  in 
every  geological  formation  except  coal.  In  granite,  slate, 
clay,  limestone  and  other  rocks,  the  quantity  of  oxygeu 
reaches  nearly  to  50  per  cent. 

In  the  atmosphere,  oxygen  is  mixed  with  four  times  its 
volume  of  nitrogen,  and  the  isolation  of  this  element  and 
its  separation  from  air  by  Priestley  in  1774  proved  that 
air  is  not  a simple  and  elementary  body,  as  was  the 
general  belief  up  to  that  time. 

We  may  obtain  oxygen  from  air  by  Priestley’s  method; 
by  heating  mercury  to  boiling  in  air  it  becomes  covered 
with  red  scales  (of  oxide),  and  these  red  scales  being 
more  strongly  heated  will  break  up  into  metallic  mer- 
cury and  oxygen  (fig.  8). 

HgO  = Hg  + 0. 

Mercury  Oxide  = Mercury  and  Oxygen. 

' The  substance  most  used  as  a source  of  oxygen  is 
potassium  chlorate.  A small  quantity  of  this  salt  well 
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dried,  heated  in  a hard-glass  test-tube,  will  furnish  a 
supply  of  the  gas,  which  can  be  collected  over  water. 

The  salt  when  heated  melts,  and  at  first  the  gas  comes 
off  briskly ; after  a time  the  salt  appears  less  fusible,  and 
finally  solidifies  unless  a very  strong  heat  be  used — 

KCIO3  = KCl  + O3. 

Potassium  chlorate  = potassium  chloride  and  oxygen. 

[Potassium  perchlorate  KCIO4  is  formed  and  decomposed  during 
the  operation:  see  page  129.] 


When  potassium  chlorate  is  mixed  with  manganese 
di-oxide — Mn02 — the  oxygen  gas  comes  off  very  quickly 
and  at  a much  lower  temperature,  and  in  laboratories 
such  a mixture  is  as  a general  rule  employed.  If  con- 
siderable quantities  of  gas  are  wanted,  a retort  of  iron  or 
copper  is  useful  for  heating  the  mixture.  Oxygen  thus 
made  is  often  contaminated  with  chlorine  ; it  should  be 
purified  by  passing  through  a wash-bottle  containing 
solution  of  soda  (fig.  9). 

A Pep3^s  gasholder  represented  in  the  figure  is  a con- 
venient receptacle  and  store  vessel.  Oxygen  gas  com- 
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pressed  into  strong  wrought  iron  cylinders  is  now  an 
article  of  commerce. 

Oxygen  may  be  obtained  from  numerous  other  sub- 
stances by  simple  beating ; oxide  of  silver,  like  oxide  of 
mercury,  is  broken  up ; peroxide  of  manganese  loses 
one-tbird  of  its  oxygen  at  a red  beat  (3  MnOg  — O2 
= Mn3  O4).  Many  metallic  salts  decompose  by  beat, 
yielding  oxygen  with  other  products  (sulphates,  nitrates, 
chromates,  etc.). 


Fig.  9. 


It  has  already  been  noticed  that  water  yields  oxygen 
when  the  electric  current  is  passed  through  it : by 
separating  the  battery  poles  with  a porous  earthen  cell 
the  gases  can  be  collected  separately. 

iProjperties,  Oxygen  is  a gas  without  colour,  taste,  or 
odour ; it  may  be  liquefied  by  great  pressure  combined 
with  a very  low  temperature.  The  liquefied  oxygen 
boils  at  — i82°C.  (pressure  = 760  mm.). 

The  density  of  oxygen  gas  is  16  (hydrogen  = i),  and 
the  atomic  weight  of  the  element  is  1 5*9^,  or  approx- 
imately also  16.  It  combines  with  all  other  elements. 
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except  only  fluorine : the  compounds  or  oxides  thus 
formed  being  acid-forming  oxides  or  basic  oxides,  etc., 
as  we  shall  see  later.  Water  dissolves  a little  (about 
4 per  cent.)  of  the  gas,  and  oxygen  is  therefore  taken 

up  by  all  water  freely 
exposed  to  the  atmo- 
sphere. Fishes  and  other 
aquatic  animals  and 
plants  use  the  dissolved 
oxygen  for  respiration. 

The  oxygen  in  our 
atmosphere  is  necessary 
to  the  respiration  of  all 
air-breathing  animals 
and  plants,  and  is  also 
necessary  for  combus- 
tion. All  bodies  com- 
bustible in  air  will  burn 
in  oxygen  with  in- 
creased brilliancy  and 
rapidity.  W e may  illus- 
trate this  by  the  follow- 
ing experiments : — 

(i)  Carbon,  (2)  sul- 
phur, (3)  phosphorus  can 
be  burned  in  oxygen ; a deflagrating  spoon  is  conve- 
nient for  the  purpose  (flg.  10). 

The  actions  are — 

C + O2  = C02-  S + O2  = SO2.  P2  + O5  = P2O5. 

(4)  A piece  of  steel  wire  or  watch-spring  may  be 
burnt  in  a jar  of  oxygen.  In  order  to  make  the  metal 
sufficiently  hot  at  the  end  to  start  the  experiment,  a little 
cotton  thread  should  be  twisted  round  the  tip  and 
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fastened  off  and  then  dipped  into  a little  melted  sulphur. 
This  being  ignited  and  brought  into  ajar  of  oxygen  the 
steel  wire  will  burn  vividly  (fig.  1 1 ). 


Fig.  II. 


Calculation  of  the  Weight  and  Volume  of 

Oxygen. 

From  the  equation  ^Hgt)  = + 

Hg  = 200,  0 = i6, 

we  see  that  216  grammes  of  mercuric  oxide  are  broken 
up  into  200  g.  of  mercury  and  1 6 g.  of  oxygen  ; or 
432  g.  of  oxide  give  32  g.  of  oxygen. 

Since 

I gramme  of  hydrogen  =11.2  litres 
.*.  16  grammes  of  oxygen  =11.2  „ 

and  32  „ of  oxygen  = 22.4  „ 

From  the  equation  KClOg^KCld- O3,  by  assigning 

atomic  weights  to  each  element,  we  get 

Potassium  . . 39.0  Potassium  . . 39.0 

Chloiine  . . . 35.5  Chlorine  . , . 35.5 

Oxygen  . . . 48.0 

Potassium  chlorate  122.5  yields  Potassium  chloride  74.5 

and  48  parts  of  oxygen  are  given  off;  and  48  grammes 
of  oxygen  will  measure  3 x ii-2  = 33-6  litres. 

. Ozone.  The  action  of  electricity  upon  oxygen  pro- 
duces a remarkable  modification  or  allotropic  form  which 
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has  been  named  ozone.  In  the  neighbourhood  of  an 
electric  machine  at  work  a peculiar  smell  may  be  noticed ; 
the  oxidation  of  phosphorus  and  of  some  organic  sub- 
stances produces  a similar  effect.  And  although  ordinary 
oxygen  has  no  odour,  yet  the  electrified  gas  and  the  oxy- 
gen liberated  from  water  by  the  electric  current  possess 
the  peculiar  odour  mentioned. 

If  pure  dry  oxygen  is  acted  upon  by  the  electric  dis- 
charge it  contracts  slightly  in  bulk,  about  one-twelfth 
as  a maximum,  but  only  a portion  of  the  gas  can  be 
converted  into  ozone.  A convenient  form  of  ozone  tube 
is  shown  in  the  figure  i2.  A thin  glass  tube  like  a 
test  tube  is  sealed  within  a similar  slightly  larger  tube 

and  inlet  and  exit  tubes  are 
sealed  into  the  outer  tube. 
The  inner  tube  contains  brine 
(as  a conducting  liquid,  in 
which  also  the  apparatus  is 
immersed).  On  connecting  the 
inner  and  outer  liquids  with 
wires  from  a Ruhmkorff  coil, 
as  though  they  were  the  coat- 
ings of  a Leyden  jar,  they  are 
separated  by  the  two  glass 
walls  of  the  tubes  with  a layer 
of  gas  between,  which  becomes 
thus  strongly  electrified.  A 
stream  of  oxygen,  carbon  di- 
oxide, or  carbon  monoxide 
passing  through  the  apparatus  becomes  strongly  charged 
with  ozone. 

Ozone  is  a very  active  form  of  oxygen  ; it  liberates 
iodine  from  solution  of  potassium  iodide, 

2KI  + HoO  + O3  = 2K  oh  + L + 0„ 


Ozone. 
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and  oxidises  mercury  and  silver.  It  is  destroyed  by  heat 
expanding  to  its  original  bulk  and  becoming  converted 
into  ordinary  oxygen.  Oil  of  turpentine  absorbs  it 
entirely.  Ozone  cannot  be  obtained  unmixed  with  com- 
mon oxygen,  but  from  the  relation  between  its  oxidising 
power  (in  setting  free  iodine)  and  the  volume  of  gas 
absorbed  by  oil  of  turpentine  the  molecule  appears  to 
be  represented  by  O3,  the  density  being  — = 14. 


CHAPTEE  IV. 


Water ; HgO.  Molecular  Weight  = 18. 

Density  of  Vapour  = 9. 

Water  exists  in  nature  as  solid  ice  or  snow;  in  the 
liquid  form  in  oceans,  lakes,  streams ; and  as  a vajoour  in 
the  atmosphere.  As  a true  vapour  it  is  invisible,  but 
condensing  becomes  visible  as  mist,  fog,  cloud,  rain,  or 
dew.  In  addition,  water  is  contained  within  the  earth 
in  enormous  quantity ; and  the  underground  water  is  a 
great  store  which  we  use  when  it  issues  in  springs,  or 
which  can  be  reached  in  some  cases  by  wells  and 
borings. 

Water  is  not  an  element,  since  it  can  be  formed  by  the 
union  of  hydrogen  and  oxygen ; and  also  can  be  broken 
up  into  these  substances.  We  can  resolve  water  into  its 
constituent  elements  by  the  electric  current.  When  two 
platinum  plates  are  immersed  in  water  (containing  one- 
tenth  part  of  sulphuric  acid  to  make  it  conduct)  and  the 
plates  are  joined  to  the  poles  of  a batttery  a brisk  evo- 
lution of  gas  takes  place  (fig.  13).  If  the  mixture  of 
hydrogen  and  oxygen  is  collected  and  fired  an  explosion 
takes  place,  and  water  is  reproduced. 

We  may  also  decompose  steam  by  a series  of  electric 
sparks  from  an  induction  coil,  but  no  large  quantity  of 
the  gases  can  be  obtained.  At  a very  high  temperature 
— above  1000°  C. — steam  is  broken  up  into  the  gases  of 
which  it  is  composed. 

The  formation  of  water  from  its  constituent  elements. 
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or  the  synthesis  of  water,  may  be  effected  in  a variety  of 
ways. 

(1)  Hydrogen  burns  in  the  air,  producing  water.  This 
is  easily  shown  by  burning  a jet  of  hydrogen  gas 
beneath  a large  glass  shade  and  collecting  the  condensed 
drops  of  water,  which  soon  trickle  down  the  glass. 
We  can  prove  similarly  that  water  is  formed  when  coal- 
gas  or  a candle  or  any  similar  combustible  containing 
hydrogen  is  burnt. 

(2)  Oxygen  gas  will  burn  in  hydrogen,  forming  water. 


Fig.  13. 


Let  a tall  narrow  jar  full  of  hydrogen  be  held  mouth 
down  and  the  gas  ignited  ; on  bringing  a jet  of  oxygen 
from  a gas-holder  into  the  flame  and  up  into  the  jar,  the 
oxygen  gas  will  take  Are  and  burn  within  the  jar  (see 

%•  7)- 

(3)  Hydrogen  reduces  metallic  oxides,  forming  water. 
A little  oxide  of  copper  is  placed  in  a hard-glass  tube(c?) 
connected  with  a hydrogen  generator  {a)  (flg.  14).  The 
oxide  is  not  reduced  so  long  as  it  is  cold,  but  a gentle 
heat  being  applied  while  the  current  of  hydrogen  passes 
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brings  about  the  reduction : the  copper  parts  with  its 
oxygen  (being  reduced  to  the  metallic  state),  and 
water  is  formed,  which  condenses  in  a TJ-tube  (e)  attached 
to  the  apparatus.  Oxides  of  iron  and  lead  can  be  re- 
duced in  a similar  way. 


Composition  of  Water  by  Weight. 

The  proportion  in  which  hydrogen  and  oxygen  com- 
bine has  been  determined  with  the  greatest  care  and 
accuracy,  since  this  ratio  enters  into  the  calculation  of 
the  atomic  weights  of  a large  number  of  elements.  The 
process  is  founded  upon  the  reduction  of  copper  oxide 
when  heated  in  hydrogen. 

The  apparatus  used  consists  of  a series  of  parts  which 
are  represented  in  the  figure  15  : — 

I . An  apparatus  for  generating  hydrogen. 

a.  Tubes  for  purifying  and  drying  the  gas. 

3.  A tube  to  prove  that  the  gas  is  perfectly  dry. 
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4.  Bulb  to  contain  copper  oxide. 

5.  Tubes  to  catch  and  retain  all  the  water  formed. 

6.  A tube  to  prove  that  the  gas  is  dry  and  all  the 
water  is  retained  in  5* 

Before  the  experiment  begins  the  bulb  containing  the 
perfectly  dry  copper  oxide  must  be  weighed,  and  the 
tubes  with  the  drying  substances  must  be  weighed. 
The  weights  also  of  the  proof-tubes  are  noted. 

Now  when  the  gas  is  turned  on  and  the  apparatus 
filled  with  hydi'ogen  the  bulb  is  heated  ; the  reduction 
of  the  oxide  and  the  formation  of  water  begin.  After  a 


time  the  heating  is  stopped  and  the  apparatus  cooled. 
The  bulb  being  weighed  will  be  found  lighter  by  reason 
of  OXYGEN  lost ; the  tubes  5-5  will  be  heavier  by  reason 
of  WATER  gained.  The  difference  between  the  weight  of 
water  and  of  oxygen  gives  the  hydrogen. 

The  small  tubes  being  re-weighed  should  remain  un- 

o o 

changed,  thus  proving  the  perfect  action  of  the  drying 
substances. 

Some  actual  experiments  performed  by  Dumas,  every 
precaution  against  error  being  taken,  gave — 

Oxygen  consumed  = 840.16  grammes  ; 

Water  produced  = 945.44  „ 


32‘  Volumes  of  Components. 

From  which  by  calculation  we  deduce 

Oxygen  = 88-86 

Hydrogen  = 11.14 

Water  = loo-oo 

Or  supposing  the  amount  of  hydrogen  = i,  the  oxygen 
combined  with  it  =8,  or  two  parts  by  weight  of 
hydrogen  unite  with  1 5-96  parts  of  oxygen,  or  nearly  16. 

Composition  op  Watee  by  Volume. 

If  16  grammes  of  oxygen  unite  with  2 grammes  of 
hydrogen,  the  volume  of  oxygen  is  11 -2  litres,  and  the 
hydrogen  is  22*4  litres,  or  twice  as  large.  This  gives  us 
indirectly  the  composition  by  volume ; but  the  fact  can 
also  be  determined  by  direct  experiment. 

Cavendish  discovered  the  relation  by 
mixing  the  gases  in  various  proportions, 
exploding  them  in  a strong  glass  globe,  and 
measuring  the  residue  ; he  found  that  when 
the  hydrogen  was  twice  the  volume  of  the 
oxygen  no  gas  was  left  after  the  explosion. 

It  is  however  easier  to  explode  a mixture 
and  measure  the  residue. 

The  eudiometer,  more  generally  employed 
for  exact  gas  analysis,  is  a long  glass  tube 
(500-600  mm.)  closed  at  one  end,  with 
platinum  wires  sealed  into  the  glass  near 
the  top  and  graduated  into  divisions  i mm. 
apart  (fig.  16).  The  capacity  of  the  tube 
is  found  by  direct  measurement  for  several 
points,  and  a table  is  constructed  giving  the 
volume  for  every  division. 

To  make  an  experiment,  the  tube  is  filled  first  with 
mercury,  next  hydrogen  gas  is  passed  in,  and  the  volume 
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occupied  and  the  temperature  observed  (fig.  17).  The 
pressure  of  the  gas  needs  to  be  found  as  follows  : — A 
reading  of  the  barometer  gives  the  external  pressure  (f) ; 
the  height  of  the  internal  column  of  mercury  is  given  by 
readings  on  the  engraved  scale  of  the  tube  (<2),  and  the 
actual  pressure  within  is  the  difference  of  the  heights 
of  these  two  columns,  or  {h-a).  The  volume,  temperature 
and  pressure  of  the  hydrogen  being  found,  some  pure 
is  passed  into  the  tube  and  a similar  set  of 
readings  made.  The  mixture  is  now  exploded,  and 


Fig.  17. 


fresh  readings  of  the  volume,  temperature  and  pressure 
obtained  for  the  residue  of  (oxygen)  gas. 

Since  these  volumes  are  found,  for  unlike  pressures  and 
possibly  at  different  temperatures  they  must  be  reduced 
to  standard  pressure  (e.g.  j6o  mm.)  and  temperature 
(o  C.)  and  corrected  for  the  moisture  present,  when  the 
true  relations  of  volume  appear.  (See  Chap.  XXVIII.) 

We  may  take  such  an  example  as  the  following : — 

Volume  of  hydrogen  reduced  to  760  mm.  and  o°C.  = 166 
„ hydrogen  + oxygen  „ „ = 280 

oxygen  left  (after  explosion)  = 31 

contraction  upon  explosion 
D 


= 249 
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Obviously  then  249  volumes  of  gas  were  condensed  in 
the  explosion,  of  which  166  were  hydrogen  and  83  were 
oxygen,  which  are  in  the  ratio  of  2 : i. 

One-third  part  of  the  contraction  gives  the  oxygen, 
two-thirds  gives  the  hydrogen. 

If  the  water  formed,  instead 
of  being  cooled,  is  kept  above 
boiling-point,  the  steam  is  found 
to  be  equal  in  volume  to  the 
hydrogen  used.  This  is  done 
by  enclosing  the  eudiometer 
with  a jacket  which  can  be 
filled  with  hot  vapour. 

A U-shaped  eudiometer  (fig. 
1 8)  is  used  for  the  experiment ; 
it  is  fitted  with  platinum  wires, 
and  has  one  limb  enclosed 
within  a glass  jacket ; in  this 
manner  by  passing  the  vapour 
of  amyl  alcohol  boiling  at  a'- 
temperature  of  i30°C.  through 
the  apparatus  no  water  can  be 
condensed. 

A mixture  of  oxygen  with 
hydrogen,  obtained  by  decom- 
posing water  by  an  electric 
current,  is  brought  into  the 
eudiometer  and  its  volume  ob- 
served when  the  temperature  is  constant  at  about  1 30° ; 
the  mixture  is  then  exploded,  and  the  steam  will  be 
found  to  occupy  two-thirds  of  the  volume  of  the  original 
gas.  Note  : the  volumes  are  both  measured  at  atmo- 
spheric  pressure,  the  mercury  being  adjusted  so  as  to  be 
at  the  same  level  in  the  two  limbs  of  the  eudiometer. 


Fig.  18. 
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We  have  proved  then  that  water  contains  two 
volumes  of  hydrogen  combined  with  one  volume  of 
oxygen,  and  that  two  volumes  of  steam  or  water  vapour 
are  formed  when  they  unite. 

The  vapour  density  of  steam  has  also  been  found  by 
direct  experiment  to  be  9,  whence  we  may  infer  that  the 
molecular  weight  of  water  (Ho=2)  is  i8  = H20. 


HoO  _ 18 
H2  ~ 2 


9 vapour  density  of  steam. 


H2O 


H2O 


Properties  of  Water. 

Water  is  a clear  liquid  without  taste  or  odour  if  pure, 
and  with  no  colour  perceptible  in  small  quantities  ; but 
viewed  through  a glass  tube  with  glass  ends  about  two 
feet  in  length  it  appears  of  a pale  blue  tint. 

When  heated,  water  expands  gradually  from  the  tem- 
perature of  4°C.  until  it  reaches 
the  boiling  point,  when  it  is 
converted  into  vapour.  At 
760  mm.  pressure  water  boils 
at  100°  C.,  but  the  temperature 
at  which  boiling  takes  place 
varies  with  variations  in  the 
pressure.  If  some  water  be 
boiled  in  a strong  globular 
flask,  securely  corked  while 
actually  boiling,  and  then 
taken  away  from  the  lamp, 
boiling  will  continue  within  the  flask,  and  by  pouring 
cold  water  (fig.  19)  upon  the  flask  the  water  boils 
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vigorously : the  reason  being  that  the  cold  water,  by 
condensing  some  steam,  reduces  the  pressure  within  the 
vessel  and  so  lowers  the  boiling-point.  When  water 
is  cooled  it  contracts  until  the  temperature  of  4°C.  is 
reached:  further  cooling  causes  a slight  expansion  (^oVtf) 
to  o°C.,  at  which  point  the  water  solidifies.  The  freezing 
of  water  is  marked  by  a sudden  expansion  (xV),  and  this 
expansion  takes  place  with  such  force  as  to  burst  almost 
any  vessel  in  which  the  water  is  confined.  The  bursting 
of  pipes  in  frosts  and  the  splitting  of  rocks  are  common 
examples  of  the  action  of  the  expansive  force  of  freezing 
water.  Since  ice  expands  when  it  is  formed,  its  density 
is  less  than  i and  it  floats  on  water. 

Density  of  water  at  0°  = i. 

„ _ „ „ 100°  = .958 

„ ice  „ 0°  = .916 

Volume  of  water  „ 0°  = i.cxx) 

„ „ „ 100°  = 1.043 

„ ice  „ 0°  = 1.090 


Latent  Heat  op  Water. 

When  a solid  changes  into  a liquid,  heat  is  used  up 
and  disappears.  The  heat  required  to  melt  ice  is  used 
in  doing  internal  work,  or  molecular  work ; and  as  it  does 
not  alter  the  temperature  of  the  ice,  cannot  be  detected 
by  the  thermometer.  The  quantity  of  heat  used  up  may 
be  measured  by  finding  the  quantity  of  heat  lost  by  warm 
water  when  ice  is  put  into  it:  100  g.  of  fragments  at  o°C.  I 
stirred  into  1000  g.  of  water  at  I9°C.  reduces  the  tern-  j 
perature  to  io°C.  when  the  ice  is  just  melted.  Now  a j 
unit  of  heat,  or  thermal  unit,  is  the  heat  required  to  raise  j 
one  unit  of  water  one  degree,  so  we  have  as  the  water  \ 
was  cooled  9°,  the  loss  by  water=  1000  x 9 = 9000,  the 
absorption  by  ice  = ioo.r  (taking  a;  = latent  heat  of  one  ] 
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gramme),  and  the  melted  ice  is  warmed  to  io°C.  (100  x 10 
= 1000); 

100  ic  + 1000  = 9000 
loox  = 8000 
X ' 80,  or 

the  latent  heat  of  water  is  80 ; that  is,  the  heat  required 
to  melt  one  gramme  (or  pound  or  ton,  etc.)  of  water 
' would  raise  the  temperature  of  80  grammes  (or  pounds 
or  tons,  etc.)  through  one  degree. 

Latent  Heat  of  Steam. 

The  conversion  of  any  liquid  into  the  state  of  vapour 
requires  heat,  which  being  used  in  doing  internal  work 
(molecular  work)  does  not  cause  a rise  of  temperature. 
The  heat  thus  made  latent  is  found  by  passing  steam 
into  water  and  measuring  the  rise  of  temperature,  and 
also  weighing  the  extra  water  formed. 

Thus  626  grammes  of  water  at  0°  are  warmed  to  10" 
by  passing  in  steam,  and  the  increase  in  weight  of  the 
water  is  found  to  be  10  grammes.  We  have,  putting  x 
for  latent  heat  of  one  gramme  of  steam — 

626  X 10  10  X ic  + 10  X 90 

6260  = lox  + 900 
5360  = lOX 
536=  X) 

or  a unit  of  water  requires  536  units  of  heat  to  convert 
it  into  vapour ; a quantity  sufficent  to  raise  536  units  of 
water  one  degree  in  temperature. 

Solution. 

Water  is  a solvent  for  nearly  all  solids,  liquids,  and 
gases,  but  to  a varying  extent  in  the  case  of  different 
substances.  Such  bodies  as  sugar,  salt,  sal-ammoniac 
are  freely  soluble  in  water,  while  others,  such  as  gold. 
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mercury,  metals,  glass,  etc.,  are  apparently  insoluble. 
But  glass,  silica,  and  many  substances  which  may  appear 
insoluble^  are  really  soluble  to  a minute  extent.  Hot 
water  dissolves  more  quickly,  and  in  most  cases  in  larger 
quantity,  than  cold  ; the  amount  dissolved  rising  with 
the  temperature.  In  this  respect  solution  differs  from 
ordinary  chemical  action,  which  is  not  continuous.  A 
substance,  like  common  salt,  may  dissolve  in  water 
without  any  chemical  action  being  manifest  (although 
possibly  it  may  take  place),  and  a fall  of  temperature  is 
noticed  due  to  the  latent  heat  of  liquefaction  of  the 
solid.  The  liquid  will  spontaneously  separate  from  the 
solid  if  exposed  to  the  air,  and  the  salt  is  recovered  in 
its  original  state.  If  the  solution  of  salt  is  made  very 
cold  however,  a crystalline  compound  of  salt  with  water 
can  be  obtained. 

On  the  other  hand,  some  salts,  e.  g.  anhydrous  calcium 
chloride,  dissolve  in  water  with  the  production  of  heat 
sensible  to  a thermometer  ; in  such  cases  we  have  acting 
both  the  latent  heat  of  liquefaction  which  would  cause 
a fall  of  temperature,  and  a chemical  union  of  greater 
energy  which  gives  finally  a positive  rise,  expressing 
the  difference  between  the  two.  When  the  quantity  of 
substance  in  solution  is  as  great  as  the  liquid  can  hold, 
the  solution  is  saturated. 

The  following  will  serve  as  examples  of  solution : — 


loo  parts  of  water  dissolve. 


Sodium  Chloride  . . . 

31;. 2 parts  at 

) 

0 

Potassium  Nitrate  . . . 

133 

>? 

o' 

Calcium  Chloride  (dry)  . 

633 

10' 

Ferrous  Sulphate,  dry 

27.1 

10' 

„ „ crystals 

61.0 

10' 

Lead  Nitrate  .... 

387 

io‘ 

Potash  

io‘ 

Heat  of  solution 

- IIOO  C. 

- S3CO  C. 

+ 9400  C. 

- 1300  C. 

- 2300  C. 

- 4100  C. 
+ 12460  C. 


Many  liquids  mix  with  water  in  all  proportions : 
alcohol,  sulphuric  acid  and  nitric  acid  are  examples.  In 
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these  cases  we  notice  a rise  of  temperature  and  contrac- 
tion of  volume.  There  is  doubtless  chemical  union  taking 
place,  but  the  mixing  of  the  liquids  is  mechanical  and 
differs  from  true  solution,  as  the  liquids  will  not  separate 
as  a salt  does  from  water  by  change  of  temperature.  The 
term  saturated  solution  does  not  apply  here.  But  again, 
ether  and  chloroform  are  soluble  in  water  to  a limited 


extent,  dependent  on  temperature,  and  thus  afford  cases 
of  simple  solution  of  a liquid  in  water. 

All  gases  are  soluble,  and  the  following  table  shows 
the  greatly  varying  amounts  which  may  be  taken  up  by 


one  volume  of  water : — 

Hydrogen 

Oxygen  

Nitrogen 

Chloiine 

Hydrogen  Sulphide 

Ammonia 

Hydrogen  Chloride 


A"ols. 

.018  at  4°C.  and  760  mm. 

.046  at  4°C.  „ 

.018  at  4°C.  „ 

2.58  at  io°C.  „ 

4.23  at  2°C.  „ 

1180.  at  o°C.  „ 

503.  at  o°C.  „ 


Natukal  Waters. 

The  natural  waters  are  sea  water,  river  and  lake  water, 
spring  water,  well  water,  and  rain  water:  and  these 
differ  as  regards  the  kinds  and  quantities  of  substances 
dissolved  in  them.  In  sea  water  we  have  large  quantities 
of  saline  matter  (sodium,  potassium,  magnesium  and 
calcium  compounds) : in  river  waters  large  or  small 
quantities  according  to  the  character  of  the  lands  they 
drain.  Spring  waters  of  course  vary  widely  in  their 
dissolved  matters,  as-  they  are  derived  from  different 
geological  strata.  Bain  water  contains  little  but  dis- 
solved gases  from  the  atmosphere,  but  in  the  neighbour- 
hood of  towns  many  impurities  are  washed  out  of  the 
air  by  rain,  and  near  the  sea,  in  stormy  weather  especially, 
notable  quantities  of  salt  are  found  in  rain  water. 
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Hardness  of  Waters. 

For  household  purposes  waters  are  described  as  hard 
or  soft,  according  as  they  require  much  or  little  soap  to 
be  used  in  washing  with  them.  The  hardness  of  water 
is  most  commonly  due  to  compounds  of  lime  and  mag- 
nesia (see  Calcium). 


Distilled  Water. 

Since  by  evaporation  water  is  separated  from  the 
fixed  or  non-volatile  substances  in  solution  we  can  get 


Fig.  20. 


pure  water  for  chemical  purposes  by  distillation.  An 
apparatus  employed  for  the  purpose  is  represented  in 
the  figure  20. 

Or  the  water  may  be  boiled  in  a tin  can  and  the  steam 
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led  through  a condenser  or  tube  surrounded  by  a cold 
water  jacket  with  a stream  of  water  running  through. 
As  the  steam  condenses  it  drops  from  the  end  of  the 
central  tube.  A condenser  of  this  kind  is  shown  in 
figure  46. 

Hydrogen  Peroxide  HgOa- 

When  Barium  dioxide  (BaO^,  p.  179)  is  dissolved 
in  dilute  acid,  a solution  of  hydrogen  dioxide  is  obtained ; 
thus — 

Ba0^  + H2S04  = BaSO^  + H^O.^. 

By  cautious  evaporation  under  diminished  pressure  the 
water  may  be  separated  and  pure  hydrogen  dioxide 
obtained  as  a syrupy  liquid  of  specific  gravity  1-5.  Its 
boiling  point  is  6fC.  at  the  pressure  of  26  mm.,  but  the 
compound  is  liable  to  explosive  decomposition. 

Solution  of  hydrogen  peroxide  is  somewhat  unstable, 
losing  oxygen  gradually  on  keeping,  but  more  rapidly 
when  heated  ; it  has  bleaching  and  oxidizing  characters. 
By  contact  with  finely  divided  metals,  such  as  silver 
and  platinum,  it  decomposes  into  water  and  oxygen ; 
peroxide  of  manganese  produces  a similar  effect,  while 
with  silver  oxide,  water,  oxygen  and  metallic  silver  are 
formed  : — 

H2O2  + AgaO  = H2O  + O2  + Ag2. 


CHAPTEE  V. 


Nitrogen  and  Air. 

Nitrogen ; N.  Atomic  weight,  14.  Density,  14. 

Molecular  weight,  28  = N2. 

Nitkogen  exists  free  in  the  atmosphere,  of  which  it 
forms  about  four-fifths  of  the  entire  quantity. » It  is  easily 
obtained  from  air  by  the  use  of  any  substance  that  can 
remove  the  oxygen  by  absorption  or  combination. 

(i)  A piece  of  phosphorus  in  a 
small  dish  standing  in  water  is  set  on 
fire,  and  while  burning  covered  with 
a bell  jar  (fig.  21).  For  a time  the 
phosphorus  continues  to  burn,  but 
presently  goes  out  before  it  is  all  con- 
sumed. The  white  fumes  or  smoke 
given  off  consist  of  oxide  of  phos- 
phorus [F2^5]  5 these  presently  settle 
down  and  disappear,  dissolving  in  the 
water  to  form  phosphoric  acid.  As 
the  gas  left  in  the  jar  cools,  the  water 
rises  within,  and  it  will  be  found  that 
about  one-fifth  of  the  volume  of  the  air  disappears : — the 
residual  four-fifths  are  nitrogen.  If  tested  by  bringing 
a lighted  paper  into  the  jar,  it  will  be  seen  that  the  gas 
immediately  puts  out  the  flame,  since  it  cannot  support 
combustion. 

(2)  A similar  experiment,  to  show  the  quantity  of 
nitrogen  more  exactly,  is  made  by  burning  phosphorus  in 
a long  tube.  A glass  tube  about  thirty  inches  long  and 
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i half-an-inch  bore  is  required  ; one  end  should  be  sealed, 
f;  and  the  other  closed  with  a sound  well-greased  cork  (fig. 

22).  A rough  graduation  into  five  equal  parts  is  made 
: by  slipping  small  rings  of  india-rubber  tube  upon  the 
& glass  tube.  A thin  tube  is  less  liable  to  break  than  a 
i thick  one,  but  to  avoid  risk  of  burns  it  is  in  any  case 
best  to  hold  the  tube  with  a cloth.  Let  a piece  of 
! phosphorus  be  placed  in  the  tube  and  the  cork  fitted 
j tightly  in  its  place : by  bringing  the  tube  over  a lamp 
i the  phosphorus  is  melted  and  takes  fire,  when  the  tube 
I should  be  inclined  so  as  to  cause  the  liquid-burning 
] phosphorus  to  run  to  the  bottom.  All  the  oxygen  in  the 
f tube  is  taken  up,  and  if  the  tube  is  opened  under  water 

Fig.  22. 

it  will  be  found  that  the  residual  nitrogen  fills  four-fifths 
of  the  tube  and  the  water  enters  to  the  extent  of  one- 
1 fifth. 

^ The  oxygen  of  the  air  may  be  withdrawn  by  numerous 
I methods : moist  iron  wire  placed  in  a tube  over  water 
^ speedily  absorbs  the  oxygen  at  ordinary  temperatures  : 
^ tin,  mercury,  copper,  and  other  metals  require  to  be 
< heated. 

1 The  experiment  with  copper  is  made  as  follows.  Some 
■;  metallic  copper  is  packed  in  a tube  (a  piece  of  iron  gas- 
pipe  serves  well)  and  a stream  of  air  passed  over  from  a 
-ij  gas-holder  (fig.  23,  «) : the  tube  containing  the  copper  is 
j placed  in  a gas-furnace  (il)  and  heated  to  redness.  The 
i metal  takes  up  the  oxygen,  and  nitrogen  passes  on  and 
I can  be  collected  over  water  in  the  jar  [e)  in  a pneumatic 
( trough. 

I Qn  + O-^x  [Nfi  = CuO  + [N,]. 


44  Nitrogen  from  Air. 

Copper  and  oxygen  form  copper  oxide  ; the  nitrogen  is 
unchanged. 

A good  method  for  obtaining  nitrogen  in  quantity  is  to 
pass  air  through  solution  of  ammonia,  when  it  becomes 
charged  with  that  gas,  and  then  over  red-hot  copper  as 
above.  The  copper  oxide  at  first  formed  is  continually 
reduced  by  the  ammonia  to  the  metallic  state,  and  the 


Fig-  23. 


nitrogen  thus  set  free  passes  on  along  with  the  atmo- 
spheric nitrogen: — 

2NH3  + 3CUO  = N2  + 3CU  + 3H2O. 

Ammonia  and  copper  oxide  yield  nitrogen,  copper,  and 
water.  ' 

The  characters  of  the  element  nitrogen  in  the  free  state 
are  chiefly  negative ; it  is  a gas  without  colour,  taste,  or 
smell.  It  will  neither  support  life  nor  combustion,  nor  is  it 
combustible  itself.  With  lime-water  it  gives  no  turbidity. 
It  cannot  be  absorbed  in  quantity  by  solvents,  but  it 
is  slightly  soluble  in  water.  The  spectrum  of  nitrogen 
obtained  by  the  electric  discharge  in  highly  vacuous  tubes 
is  peculiar  to  itself,  and  affords  one  positive  character  of 
the  element.  In  its  compounds  however,  such  as  ammonia. 
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nitric  acid,  etc.,  nitrogen  shows  extreme  chemical  ac- 
tivity. 

Am. 

Atmospheric  air  is  a mixture  of  gases,  consisting  for 
the  most  part  of  nitrogen  and  oxygen ; about  one  per 
cent,  of  Argon  is  constantly  present  and  possibly  traces 
of  Helium.  In  addition  there  is  some  carbonic  acid  gas 
(CO2),  about  -03  parts  per  hundred  on  an  average,  and 
a very  variable  amount  of  moisture  or  vapour  of  water. 
The  quantity  of  water  is  least  when  the  temperature 
is  very  low,  as  in  the  cold  air  of  Arctic  Winter,  and 
greatest  where  the  temperature  is  high,  as  above  the  sea 
in  summer  within  the  Tropics. 

The  presence  of  carbonic  acid  in  the  air  is  shown  by 
exposing  lime-water  in  a dish,  or  better  by  bubbling  air 
through  clear  lime-water  in  a bottle:  by  the  union  of 
the  gas  with  lime  a milky  appearance  is  produced  ; the 
white  compound  formed  being  precipitated  chalk : — 

Ca(OH)2  + CO2  = CaCOg  + H2O. 

The  presence  of  water  in  the  air  is  shown  by  cooling  it. 
When  warm  moist  air  meets  with  cold  air  we  observe 
the  formation  of  clouds,  mists,  rain,  snow,  or  hail ; or  the 
cooling  of  air  near  the  ground  may  produce  fog  and  dew. 
A vessel  of  cold  water  in  a room,  or  glass  windows, 
the  day  being  cold  outside,  are  often  bedewed  by  con- 
densed atmospheric  vapour.  We  can  also  by  artificial 
cooling  as  with  (i)  ice,  or  (3)  ice  and  salt,  or  (3)  the 
< evaporation  of  ether,  bring  down  the  temperature  of  the 
air  until  dew  is  formed. 

The  quantity  of  carbonic  acid  in  the  air  is  found  thus  : 
From  a measured  volume  of  air  the  carbonic  acid  is 
absorbed  and  weighed.  An  aspirator  is  employed  to 
f measure  and  also  to  drive  the  air  through  (i)  drying 
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tubes  and  (%)  absorbing  tubes.  For  drying  the  air  strong 
sulphuric  acid  is  used  (fragments  of  pumice  being 
moistened  with  this  liquid),  and  for  absorption  of  the 
carbonic  acid  a tube  filled  with  pieces  of  moist  caustic 
soda  or  soda-lime  is  employed. 

The  soda  tubes  are  weighed  before  and  after  the  pass- 
ing of  the  air,  and  the  increase  gives  the  weight  of  car- 
bonic acid  absorbed  (fig.  24). 

The  quantity  of  water  can  be  also  determined  by  noting 
the  increase  in  the  weight  of  the  drying  tubes  used  in 
this  experiment. 


Fig.  24. 


A rough  estimation  of  the  proportions  of  oxygen  and 
nitrogen  in  air  is  given  by  experiments  already  described, 
but  an  exact  determination  is  a matter  of  great  delicacy 
and  needing  many  precautions  to  guard  against  error. 
The  principles  of  the  methods  which  have  been  used  are 
as  follows  : — 

Determination  of  the  Composition  of  Air  by 

Volume. 

It  has  been  shown  already  that  oxygen  unites  with  ex- 
actly twice  its  volume  of  hydrogen  to  form  water.  Where- 
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) fore  a mixture  of  measured  quantities  of  air  and  hydrogen 
^ being  exploded,  and  the  amount  of  gas  converted  into 
1.  water  being  measured,  it  is  plain  that  one-third  of  the 
[ contraction  is  the  volume  of  oxygen  present  in  the  air, 
) and  two-thirds  are  the  volume  of  hydrogen  used  in  com- 
r bining  with  it. 

) (i)  A.  eudiometer  is  used  containing  a convenient 

3 quantity  of  air  over  mercury;  the  volume  of  the  air  and 
f the  height  of  the  mercmdal  column  within  the  tube  are 
i read  : readings  of  the  barometer  and  the  thermometer  at 
^ the  time  of  these  measurements  are  also  taken  (fig.  17). 

) (2)  Next  some  pure  hydrogen  (about  an  equal  volume) 

. is  passed  into  the  tube,  and  the  volume  of.  the  gas  and 
s the  length  of  the  mercurial  column  of  the  eudiometer  are 
i again  recorded. 

\ (3)  A spark  is  passed  through  the  mixture,  exploding 

j it ; and  again  the  volume  and  mercury  column  are 
I measured. 

) (4)  The  volumes  thus  recorded  are  reduced  to  standard 

i pressure  (760  mm.)  and  to  the  temperature  of  o°C.,  and 
( from  these  corrected  volumes  we  may  thus  easily  find 
i the  amounts  of  oxygen  and  nitrogen 
^ An  experiment  gave  the  following  numbers  : — 

i Volume  of  air  employed,  corrected  to  o°C.  and 

j 760  mm 455 

i Volume  after  adding  Hydrogen,  corrected  . . 689 

Volume  after  explosion,  corrected 403 

‘ From  these  figures  we  get — 


Contraction  by  explosion 286 

One-third  of  Contraction  = Oxygen 95.3 

Nitrogen  by  difference 3 597 


or  N = 79.1  per  cent. 

0 20-9  per  cent. 

^ The  Argon  is  included  with  the  Nitrogen  in  this  and  the  following 
experiment. 
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Detekmination  of  the  composition  of  Air 

BY  Weight. 

The  composition  of  air  by  weight  was  determined  with 
great  care  by  Dumas  and  Boussingault  in  1841  ; their 
apparatus  is  represented  in  fig.  25,  and  consists  of  three 
portions  : — 

(i)  A set  of  tubes  for  purifying  the  air,  and  contain- 
ing potash  to  absorb  carbonic  acid  and  strong  sulphuric 
acid  to  absorb  moisture. 


Fig.  25. 


(2)  A tube  containing  metallic  copper,  previously  re- 
duced in  hydrogen  gas,  and  furnished  with  stopcocks ; 
this  is  placed  in  a heating  furnace. 

(3)  A large  glass  globe  with  a stopcock  which  can  be 
exhausted  of  air. 

Before  the  experiment  the  tube  containing  copper  and 
the  globe  are  exhausted  and  weighed : the  apparatus  is 
then  joined  together  and  the  tube  containing  the  copper 
heated.  On  slightly  opening  the  taps,  air  enters  the  open 
end  of  the  apparatus,  passing  over  potash  and  sulphuric 
acid:  thus  purified  it  enters  the  hot  tube,  where  the 
oxygen  is  taken  up  by  the  copper  and  pure  nitrogen 
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passes  on,  into  the  vacuous  globe.  When  the  globe  is 
full  of  nitrogen,  the  taps  are  closed  and  the  apparatus  is 
. cooled  and  weighed. 

The  globe  is  heavier  by  the  quantity  of  nitrogen  it 
: contains,  and  the  tube  is  heavier  by  the  oxygen  combined 
( with  the  copper.  Also  as  the  tube  contains  a little 
r nitrogen  after  the  experiment,  it  must  be  exhausted  and 
) weighed  again ; the  little  nitrogen  being  added  to  the 
' first  weight.  The  result  of  the  experiment  is — 

Oxygen  . . 23-0  per  cent,  by  weight. 

Nitrogen  . 77-0  per  cent. 

It  is  obvious  that  by  comparing  the  weighings  of  the 
) globe  (i)  filled  with  nitrogen,  (2)  empty,  (3)  filled  with 
• dry  air,  and  supposing  the  pressure  and  temperature 
■<  constant,  the  density  of  nitrogen  may  be  found.  And  by 
t refilling  with  pure  oxygen  and  weighing,  the  density  of 
j oxygen  can  be  found.  The  experiment  gave — 

Density  of  Air  = i. 

Density  of  Nitrogen  = -972. 

Density  of  Oxygen  = l-o57- 

The  gaseous  constituents  of  the  air  are  merely  in  a 
s state  of  mixture  and  not  in  chemical  combination.  This 
is  proved  in  the  following  way  : — 

(1)  The  ratio  of  the  weights  of  oxygen  and  nitrogen 
is  not  a simple  multiple  of  their  atomic  weights. 

(2)  When  oxygen  is  mixed  with  nitrogen,  no  sign  of 
( chemical  action  is  observed:  there  is  no  change  in  the 
■:  volume  or  temperature  of  the  mixture. 

(3)  When  air  is  dissolved  in  water,  the  oxygen  being 
».  more  soluble  than  nitrogen,  a larger  relative  quantity  of 
J oxygen  is  dissolved ; while  the  proportions  of  a com- 
( pound  gas  are  not  altered  by  solution. 

(4)  An  artificial  mixture  of  oxygen  and  nitrogen,  in 
i the  same  proportions  as  the  constituents  of  air,  behaves 
3 exactly  like  air  in  all  respects. 
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Carbon ; C.  Atomic  weight,  12.  Molecular  weight,  I 

unknown.  | 

The  element  Carbon  is  one  of  great  interest  and  ; 
importance  as  it  forms  a large  proportion  of  all  living  j 
animals  and  plants.  Our  food  is  all  carbonaceous : ; 
flesh  and  albumen  are  composed  chiefly  of  carbon,  i 
hydrogen,  oxygen,  nitrogen ; fat  and  all  starch  foods  | 
contain  the  elements  carbon,  hydrogen,  and  oxygen.  ! 
We  burn  carbon  and  substances  containing  it,  to  pro-  j 
duce  heat  and  light ; and  the  carbon  thus  used  as  fuel  ; 
is  obtained,  directly  or  indirectly,  from  animals  and 
plants ; for  example,  tallow,  wax,  wood,  coal,  fats,  oils 
and  gas,  are  all  of  animal  or  vegetable  origin.  I 

The  commonest  forms  of  carbon  are  soot,  char-  j 
coal  and  coke  ; besides  these  are  the  natural  forms  | 
graphite  (or  black  lead)  and  the  diamond.  ! 

The  Diamond  is  nearly  pure  crystallized  carbon  ; it  is  ; 
the  hardest  known  substance,  and  when  cut  and  polished  | 
is  brilliant  and  beautifully  transparent  with  a powerful  ^ 
refractive  effect  upon  light.  The  density  of  this  form  of  ’ 
carbon  is  3*5. 

Graphite  or  black-lead  is  a dark-grey  mineral  sub-  ; 
stance  in  scaly  plates  composed  chiefly  of  carbon.  It  is  i 
used  for  making  drawing  pencils,  and  on  account  of  its  I 
semi-metallic  lustre  for  polishing  stoves ; a coating  of  ^ 
graphite  on  gunpowder  preserves  it  from  damp.  The  - 
density  is  about  2-3.  . 

Charcoal  is  a form  of  carbon  obtained  by  heating  \ 
organic  matter  to  full  redness  out  of  contact  of  air.  : 
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Forms  of  Carbon.  5 1 

Animal  charcoal  is  obtained  by  heating  hide,  leather, 
)]  blood,  bones,  etc.,  in  close  retorts.  It  is  chiefly  used  to 
« remove  the  brown  colour  from  sugar-solutions. 

Wood  charcoal  is  made  by  burning  wood  in  heaps 
jf  from  which  the  air  is  kept  out  by  a covering  of  turf, 
I only  a few  small  holes  being  left.  The  wood  contains 
j carbon,  hydrogen  and  oxygen,  and  if  ignited  with  free 
I access  of  air  burns  away  altogether,  leaving  only  a little 
ash  ; but  when  burnt  with  a very  limited  supply  of  air 
■|  the  hydrogen  and  oxygen  are  driven  off,  and  carbon  is 
i|  left  as  charcoal,  retaining  the  form  of  the  original  wood. 
I Coke  is  obtained  from  coal,  heated  in  close  vessels 
I as  in  the  ordinary  process  of  gas-making.  A better  kind 
j is  prepared  from  coal  heated  in  ovens  made  for  that 
i express  purpose.  The  volatile  portions  of  the  coal  are 
driven  off  by  heat,  and  a porous  mass  of  carbon 
i remains. 

Soot  is  deposited  during  the  incomplete  combustion 
of  various  substances  such  as  gas,  tallow,  oil,  etc.  When 

0 an  insufiicient  quantity  of  air  reaches  the  flame  of  a 

1 lamp,  the  combustion  is  not  complete,  but  smoke  is 
given  oflT  containing  much  carbon  which  deposits  in  the 
form  called  soot.  A special  kind  of  soot  or  lamp  black, 

( made  from  resin  and  similar  bodies,  is  used  in  the 
manufacture  of  printer’s  ink. 

We  see  thus  that  carbon  is  known  in  three  distinct 
natural  forms : (i)  in  diamond  as  a regular  crystal;  (2) 
in  graphite  as  crystalline  plates ; (3)  in  the  uncrystallized 
(amorphous)  states  of  charcoal,  coke,  soot.  It  is  proved 
that  these  are  different  forms  (allotropic  forms  as  they 
are  termed)  of  the  same  element  by  burning  them.  For 
each  form  of  carbon  produces  when  burnt  in  oxygen 
the  same  gas — carbonic  acid  gas  CO2,  and  from  equal 
weights  of  carbon  in  either  form  we  find  that  equal 
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weights  of  carbonic  acid  are  obtained.  That  is  to  say, 
iQt  parts  by  weight  of  carbon  from  any  source  combine 
with  32  parts  by  weight  of  oxygen  and  always  yield 
44  parts  by  weight  of  carbonic  acid  gas. 

C + O2  = CO2. 

12  + 32  = 44. 

Carbon  is  in  all  its  forms  an  infusible  substance : 
it  burns  in  air  or  oxygen  to  form  the  dioxide  (COg) 
except  in  special  cases  when  the  monoxide  CO  is 
obtained. 

A remarkable  property  of  wood  charcoal  is  the  power 
it  has  of  absorbing  gases  of  all  kinds,  and  more  espe- 
cially condensible  gases  such  as  am- 
monia, cyanogen,  hydrogen  sulphide, 
etc.  This  fact  can  be  shown  by  col- 
lecting ammonia  gas  in  a tube  over 
mercury,  and  passing  into  it  a piece 
of  freshly  heated  boxwood  charcoal 
(fig.  26)  : the  whole  of  the  gas,  if  pure, 
will  be  absorbed  in  a few  minutes. 

Or  a piece  of  charcoal  is  first  al- 
Fig.  26.  lowed  to  absorb  hydrogen  sulphide, 

and  then  brought  into  a bottle  of 
oxygen ; the  oxygen  is  condensed,  and  combines  with 
the  hydrogen  and  sulphur  with  avidity,  so  that  the  char- 
coal will  sometimes  take  fide.  This  property  of  charcoal 
can  be  made  use  of  for  absorbing  offensive  gases  from 
drains,  which  are  not  only  absorbed,  but  in  fact  burnt 
up  by  being  caused  to  combine  with  oxygen  of  the  air. 

Animal  charcoal  is  especially  remarkable  as  an  ab- 
sorbent for  organic  colouring  matters.  Thus  if  a dilute 
solution  of  indigo  be  passed  through  a tube  packed  with 
this  substance  the  liquid  will  become  perfectly  colour- 
less. Accordingly  this  form  of  charcoal  is  used  as  a 
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i‘  filtering  material  in  a variet}^  of  laboratory  operations, 
r and  in  the  arts,  especially  for  decolourising  syrups  in  the 
f manufacture  of  white  sugar  from  brown. 

For  the  purification  of  drinking  water,  filters  of 
I animal  charcoal  are  very  commonly  employed. 

The  diamond  is  a non-conductor  of  electricity,  while 
f the  graphitic  forms  of  carbon  conduct  more  or  less.  But 
) compared  with  metals  the  resistance  of  carbon  conductors 
j is  large,  and  they  therefore  become  strongly  heated  by 
. a powerful  electric  current.  On  this  account  rods  of 
. a dense  form  of  coke  are  used  for  electric  arc  lights,  and 
{ the  filaments  of  glow  or  incandescent  lamps  are  made  of 
V carbonised  fibres. 

Oxides  of  carbon.  When  charcoal  or  any  form  of 
'A  carbon  burns  in  the  air,  a compound  with  oxygen 
^ is  formed  called  carbon  dioxide  or  carbonic  acid  gas. 

Let  a piece  of  charcoal  be  ignited  and  plunged  into 
1 oxygen  in  a deflagrating  jar  (fig.  lo),  it  glows  and  burns 

I brilliantly.  The  formation  and  presence  of  carbonic 
acid  is  shown  by  pouring  a little  clear  lime-water  into 
the  bottle,  which  becomes  white  and  milky  from  the 
precipitation  of  chalk  or  carbonate  of  lime : — 

Ca(OH),  + CO2  = CaCOg  + H^O. 

To  prepare  the  gas  in  a pure  state  we  decompose  some 
‘ carbonate  with  an  acid ; the  carbonate  of  lime  is  com- 
' monly  used  in  the  form  of  chalk  or  marble. 

Some  fragments  of  marble  (or  chalk,  or  any  con- 
' venient  carbonate)  are  placed  in  a flask  (fig.  27)  with 
j a little  water  and  hydrochloric  acid  poured  in  through 
a thistle  funnel : the  gas  comes  off  readily  without  any 
< heating. 

, The  chemical  changes  are  : — 

CaCOg  + 2HCI  - CaCb  + H2O  + CO2. 
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The  following  experiments  will  show  the  properties 
of  the  gas : — 

I.  It  can  be  collected  in  jars  by  downward  displace- 
ment showing  that  it  is  heavier  than  air. 

%.  A burning  taper  is  extinguished  if  plunged  into 
the  gas. 


Fig.  27. 


3.  Some  clear  lime-water  poured  into  the  gas  becomes 
white  and  milky  from  formation  of  carbonate  of  lime. 

4.  Pour  a jar  of  the  gas  into  an  empty  jar  and  test 
with  a taper  or  lime-water,  to  show  that  the  gas  has 
passed  into  the  jar. 

5.  Although  the  gas  does  not  support  combustion  of 
a taper  it  will  give  up  its  oxygen  to  certain  metals. 
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Thus  a piece  of  magnesium  ribbon  will  burn  in  it,  and 
if  the  white  oxide  (magnesia)  produced  is  dissolved  in  a 
little  hydrochloric  acid,  fragments  of  solid  carbon  will 
> be  left  undissolved,  having  been  separated  from  the  gas 
? (fig.  Ii):— 

CO2  + 2Mg  = 2MgO  + C. 

6.  Allow  the  gas  to  pass  into  water:  some  will  be 
L dissolved,  and  the  solution  will  become  faintly  acid  to 
^ litmus  paper,  and  will  also  give  a white  precipitate  with 
j lime-water. 

If  a stream  of  the  gas  be  passed  through  the  liquid, 
i this  precipitate  will  dissolve,  leaving  the  solution  clear; 
J this  change  is  due  to  the  formation  of  a soluble  bi- 
Ji  carbonate  of  lime  (see  Calcium). 

; 7.  Allow  the  gas  to  pass  into  a strong  solution  of 

n soda  (or  potash),  it  will  at  first  be  entirely  absorbed, 
^ and  carbonate  of  soda  will  form  in  the  liquid  : — 
j 2NaOH  + CO2  = Na^COg  + H^O. 

If  the  action  of  the  gas  is  continued,  a bicarbonate  or 
J acid  carbonate  is  formed : — 

2Na  OH  -j-  2CO.2  = 2NaHC03. 

The  combustion  of  carbon  (as  charcoal)  in  oxygen  has 
< been  found  to  give  out  8080  units  of  heat  for  each 
gramme  of  carbon;  or  12  grammes  of  carbon  with  32 
grammes  of  oxygen  will  produce  96960  units  of  heat. 


Properties  of  Carbon  Dioxide. 

Carbon  dioxide  is  a gas,  colourless,  transparent  and 
invisible  under  ordinary  conditions,  but  it  may  be 
' condensed  to  a liquid  if  pumped  into  a strong  iron 
vessel.  When  the  liquefied  gas  is  allowed  to  escape 
• into  the  air,  it  expands  very  quickly,  and  so  large  is 

i. 
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the  quantity,  of  heat  absorbed  by  being  converted  into 
work  in  the  expansion  that  a great  fall  of  temperature 
takes  place,  and  part  of  the  liquid  is  frozen.  Solid 
carbon  dioxide  thus  obtained  is  a light  white  substance 
resembling  snow,  and  cold  enough  to  freeze  mercury. 

Carbonic  acid  gas  is  soluble  in  water,  which  at  I5°C. 
dissolves  its  own  volume ; the  solution  has  a slightly 
acid  taste ; under  pressure  a large  amount  of  the  gas 
is  taken  up.  The  common  aerated  waters,  so  called, 
such  as  soda  water  and  seltzer  water,  are  charged  with 
this  gas  by  pumping  it  into  strong  vessels  containing 
the  saline  waters  which  afterwards  are  drawn  off  into 
bottles  strong  enough  to  withstand  the  pressure.  Car- 
bonic acid  is  formed  in  large  quantity  during  fermenta- 
tion. The  cavities  in  fermented  bread  are  produced  by 
the  liberation  of  carbon  dioxide  during  the  fermentation 
produced  by  the  growth  of  the  yeast  plant ; and  similarly 
this  gas  is  liberated  in  the  fermentation  of  beer,  wine, 
and  all  alcoholic  liquids.  The  splitting  up  of  sugar  and 
formation  of  alcohol  and  carbonic  acid  takes  place 
thus : — 

= 2C2HeO  + 2CO2. 

Glucose  produces  alcohol  and  carbon  dioxide. 

It  has  been  seen  that  carbon  dioxide  does  not  support 
combustion,  neither  does  it  support  life,  animals  being 
suffocated  in  the  gas.  Accidents  frequently  happen  owing 
to  an  accumulation  of  this  gas  in  old  wells  ; and  work- 
men who  descend  without  precaution,  becoming  insensible 
in  the  vitiated  air,  die  before  rescue  is  possible.  The 
air  of  a well  can  easily  be  tested  by  lowering  a lighted 
candle  before  any  one  descends : if  the  flame  is  ex- 
tinguished the  air  is  of  course  bad. 

O 

The  air  expelled  from  the  lungs  of  animals  in  breathing 
contains  a considerable  proportion  of  carbonic  acid  gas. 
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To  show  this  fact  blow  gently  from  the  mouth  through 
a glass  tube  into  lime-water,  and  observe  how  soon  a 
white  precipitate  of  carbonate  of  lime  is  formed.  The 
gas  thus  given  off  ought  not  to  be  allowed  to  accumulate 
in  rooms,  but  a continual  change  of  air  should  be  pro- 
. vided  by  proper  ventilation.  Plants  in  a similar  way 
by  respiratory  processes  give  off  carbonic  acid  from 
their  leaves. 

I But  on  the  other  hand  the  green  leaves  of  plants  (con- 
taining chlorophyll)  serve  to  purify  the  air  by  removing 
carbonic  acid  from  it.  In  the  nutrition  of  the  plant  this 
gas  is  take^ up  by  leaves  and  the  carbon  retained,  while  the 
; oxygen  combined  with  it  is  returned  to  the  atmosphere. 

So  in  the  economy  of  nature  the  life  and  growth  of  plants, 
3 broadly  speaking,  has  an  opposite  effect  to  the  life  of 
: animals^  by  restoring  to  the  air  the  oxygen  which  pre- 
. viously  had  been  consumed  by  the  latter.  ' 


Composition  of  Carbon  Dioxide. 

The  quantities  of  carbon  and  oxygen  which  combine 
to  form  this  oxide  are  found  by  burning  a weighed 
d portion  of  carbon  in  a stream  of  oxygen  and  weighing 
i the  product : the  difference  in  the  two  weights  gives 
i the  oxygen  consumed. 

The  experiment  is  performed  as  follows  : — 

Pure  oxygen  stored  in  the  gas  holder  (fig.  28)  is  passed 
t through  drying  tubes  containing  (i)  potash  and  (2) 
i sulphuric  acid  (the  last  of  which  is  weighed  to  test  and 
< prove  by  its  constant  weight  the  dryness  of  the  gas) ; 

' it  then  passes  into  a glass  or  porcelain  tube  kept  at  a 
;j  red  heat  by  a furnace.  In  this  tube  is  the  carbon,  in  the 
i form  of  diamond  or  graphite,  which  has  been  carefully 
i weighed.  The  carbon  burns  and  the  oxide  formed  passes 
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on  into  the  weighed  absorption  tubes,  the  first  of  which 
contains  sulphuric  acid  to  retain  any  water  which  may 
possibly  be  formed  if  the  substance  burnt  should  con- 
tain any  hydrogen.  The  other  tubes  are  filled  with 
potash  to  absorb  and  retain  the  carbon  dioxide ; these 
are  carefully  weighed  before  and  after  the  experiment. 
By  this  means  the  weight  of  carbon  burnt  and  the 
quantity  of  the  dioxide  produced  are  accurately  known, 
and  the  composition  of  the  oxide  can  be  calculated  as 
follows : — 


Weight  of  carbon  buiiit  . 
Increase  in  potash  tubes  [due  to 
carbon  dioxide] 

Difference  (oxygen) 


. = I gramme. 

. = 3-666  grammes. 
. 2-666  „ 


I'lg.  28^' 

From  which,  if  we  suppose  1 2 parts  of  carbon  to  be  burnt, 
we  see  that  32  of  oxygen  are  used,  making  44  of  carbon 
dioxide.  The  density  of  the  gas  is  one  half  the  weight 
of  the  molecule  CO2,  viz.  22  (H=i). 


12  + 32 


44 

— = 22t 

2 


weigh  I gramme. 
„ 32  grammes. 

M 44  }> 


1 1.2  litres  of  hydrogen 
22.4  „ oxygen 

^ 22-4  ,,  carbon  dioxide 

It  can  be  shown  by  an  experiment  that  the  volume  of 
oxygen  is  not  altered  by  burning  carbon  in  it.  A piece 
of  charcoal  is  supported  by  a wire  in  a bulb  containing 
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1 oxygen  gas  (fig.  29) : by  concentrating  sunlight  on  it 
. with  a large  lens  the  charcoal  is 
j ignited  (or  an  arrangement  can  be 
) made  for  firing  the  charcoal  by  elec- 
f tricity),  and  after  the  whole  has^ 

( cooled  the  quantity  (volume)  of  gas 
>•  is  found  to  be  unaltered. 

C Carbon  monoxide  or  carbonic 
i oxide,  CO.  This  oxide  is  formed 
f by  the  imperfect  combustion  of  car- 
[ bon  in  air  or  oxygen,  but  cannot 
» be  obtained  pure  in  that  manner. 

] If  a current  of  carbon  dioxide 
be  slowly  passed  through  an  iron 
•(  tube  packed  with  charcoal  and 
4 heated  to  redness  in  a furnace,  it  is 
»j  reduced  to  the  monoxide  and  doubles  its  volume : — 

CO2  + C = 2CO. 

' 2 vols.  4 vols. 

] If  steam  in  a similar  way  is  sent  over  the  charcoal  we 
' have  the  reaction — 

H2O  + C = CO  + E,, 

I a mixture  of  carbonic  oxide  with  hydrogen  being  ob- 
: tained,  but  some  dioxide  is  always  produced  according 
to  the  equation  : — 

H2O  + CO  = CO2  + H2. 

This  oxide  is  combustible  and  burns  in  air  with  a blue 
I flame,  taking  an  additional  atom  of  oxygen  to  form 
' dioxide : — 

2CO  + O2  = 2CO2. 

When  a coke  or  charcoal  fire  is  burning  we  get  both 
• oxides  formed : in  the  lower  part  of  the  fire  where  the 
' supply  of  oxygen  is  largest  the  combustion  is  complete, 
and  carbon  dioxide  is  formed,  but  in  rising  through  the 
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red-hot  fuel  this  is  in  part  converted  into  monoxide.  And 
at  the  top  of  a clear  fire  the  monoxide  gets  a further 
supply  of  oxygen  and  may  be  seen  burning  with  a pale 
blue  fiame. 

A good  method  for  preparing  carbonic  oxide  in  the 
laboratory  is  to  heat  crystals  of  oxalic  acid  with  strong 
sulphuric  acid. 

H2C2O4  + H2SO4  = (H2SO4  + H2O)  + CO  + CO2. 

|i 


Fig.  30. 

The  oxalic  acid  breaks  up  into  water  (wliich  combines 
with  the  sulphuric  acid)  and  a mixture  of  the  two  oxides 
of  carbon.  By  passing  these  gases  through  a solution  of 
soda  the  dioxide  is  absorbed,  forming  carbonate  of  soda, 
and  the  monoxide  passes  on ; it  is  collected  over  water. 

Carbon  monoxide  is  an  invisible  colourless  gas.  It  is 
very  poisonous,  and  dangerous  therefore  to  breathe.  Un- 
like the  dioxide  it  does  not  give  any  precipitate  with  lime- 
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water.  Cuprous  chloride  in  solution  (in  hydrogen  chloride, 

etc.)  absorbs  the  gas  entirely.  Its  density  is  — ^ — = 14. 

: The  apparatus  for  preparing  the  gas  is  shown  in  the 
[ figure  30.  A few  jars  of  gas  having  been  collected,  the 
i following  experiments  may  be  performed. 

( I ) Shake  up  a little  of  the  gas  with  lime-water : no 
' precipitate  will  form  if  the  gas  is  pure.  If  any  carbonic 
j acid  is  present  it  can  first  be  absorbed  by  a little  soda 
: solution  brought  into  the  jar. 

{2)  Inflame  a portion  of  the  gas  and  observe  that  it 
■ burns  with  a pale  blue  flame ; then  test  the  burnt  gas 
: with  lime-water,  which  will  show  the  presence  of  carbon 
' dioxide. 

(3)  A mixture  of  carbonic  oxide  with  half  its  volume 
) of  oxygen  will  explode  on  the  application  of  a flame. 

3 Combustion.  The  combustible  substances  in  common 
! use  for  producing  heat  and  light  contain  a large  propor- 
1 tion  of  carbon,  as  is  shown  in  the  following  examples : — 

Carbon  per  cent. 


Charcoal 93 

Coke  . . 88 

Anthracite  Stone  Coal 90 

Coal  . . . . . . . .80 

Tallow ........  76 

Wax  ........  80 

Paraffin  . . . . . . .84 


j|  The  products  of  the  complete  combustion  of  bodies  con- 
i taining  carbon  and  hydrogen,  as  in  the  flame  of  a candle, 
i or  gas  burner,  are  carbonic  acid  gas  and  water ; the 
< presence  of  the  former  can  be  shown  by  the  precipitate 
^ produced  with  lime-water ; and  of  the  latter  by  the  dew 
j deposited  on  any  cold  object  brought  into  the  flame. 

1 Structure  of  Flame.  The  flame  of  a candle  (fig.  31) 
1 is  seen  to  consist  of  three  distinct  portions  : — 

1 

i 

1 
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Structure  of  Flame. 


[a)  The  gaseous  cone  containing  unburnt  com- 
bustible vapour. 

(h)  The  bright  zone  of  active  combustion. 

(c)  The  dim  mantle  of  hot  gases. 

The  interior  of  the  flame  is.  composed  of  hot  gases : 
the  combustible  vapours  from  the  heated  tallow.  No 
combustion  can  take  place  here,  as  no  oxygen  can  reach 
the  fuel : but  if  a small  glass  tube  be  held  in  the  hollow 
space  the  gases  will  pass  through  it,  and  may  be  lit  at 
the  distant  end. 

In  the  second  zone  combustion  in  oxygen  is  rapidly 


taking  place : the  combustion  beginning  in  the  centre 
and  becoming  complete  on  the  outside.  The  luminosity 
of  the  candle  is  entirely  due  to  this  portion  of  the  flame, 
and  depends  on  the  presence  of  incandescent  particle  ^ of 
carbon.  If  a cold  object  is  brought  into  this  zone  the 
carbon  is  deposited  in  the  solid  form  as  soot. 

The  outer  mantle,  which  is  scarcely  luminous,  contains 
heated  gases,  carbonic  acid,  and  water,  from  the  flame, 
and  nitrogen  and  oxygen  from  the  air. 

The  flame  of  a blowpipe  is  precisely  similar  in 
character : but  being  better  supplied  with  0x3- gen  the 
combustion  is  more  rapid  and  a higher  temperature  is 
reached.  The  zone  « is  a moderately  cool  reducing  zone : 


Fig-  31- 


j 
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■ ^ is  a hot  reducing  zone,  and  the  point  of  the  cone  is  the 
♦ hottest  spot  in  the  flame.  The  mantle  c is  blue,  and  its 
; tip  is  the  best  oxy dising  flame  (see  fig.  31). 

1 The  flames  of  gas  burners  of  the  common  type  will  be 
3 seen  to  be  also  precisely  similar  in  structure. 


CHAPTEE  VII. 


Sulphur ; S.  Atomic  Weight,  32. 

The  element  sulphur  is  found  in  small  quantity  in  the 
free  state  near  volcanoes  in  Sicily  and  other  places,  and 
has  long  been  known  to  man ; but  for  the  most  part 
sulphur  is  in  nature  associated  with  metals  in  the  form 
of  sulphides  or  sulphates.  The  commonest  sulphides  are 
iron  pyrites  FeSg,  copper  pyrites  [FeCuJSg,  and  galena 
or  lead  sulphide  Pb  S : and  among  common  sulphates 
we  have  sulphate  of  lime  Ca  SO4  in  the  forms  of  gypsum, 
or  alabaster,  or  plaster  of  Paris ; the  sulphates  of  the 
earthy  metals  barium  and  strontium  being  less  frequently 
met  with. 

Where  native  sulphur  is  procurable  it  is  separated 
from  earthy  matter  by  heat,  either  by  simple  fusion  or 
distillation.  The  melted  sulphur,  roughly  cast  into  ^ 
stout  rods  or  sticks,  is  commonly  known  as  roll  sulphur 
or  brimstone.  A purer  form  is  obtained  by  sublimation ; 
the  vapour  from  boiling  sulphur  is  brought  into  a large 
walled  chamber,  in  which  it  condenses  to  the  powdery 
solid  known  as  flowers  of  sulphur. 

Iron  pyrites  heated  in  a closed  tube  gives  off  about 
one-third  of  its  sulphur,  and  in  practice  this  substance 
is  sometimes  roasted  in  a limited  supply  of  air  to  obtain 
sulphur  from  it : — 

3FeS2  = FcgSi  + S^. 

A certain  quantity  of  sulphur  also  is  obtained  from 
spent  oxide  of  iron  used  in  purifying  coal  gas,  and 
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ii  methods  have  been  devised  for  recovering  sulphur  from 
i the  ‘ alkali  waste  ’ produced  in  the  soda  manufacture. 

Common  sulphur,  as  it  appears  in  the  form  of  brim- 
K stone,  is  an  opaque  yellow  brittle  substance,  almost 
j tasteless,  but  with  a slight  unpleasant  odour.  It  con- 
X ducts  heat  badly,  and  splits  and  crackles  if  suddenly 
1 brought  into  a flame:  it  is  also  a bad  electrical  conductor, 
a and  becomes  easily  electrified  by  friction. 

Allotropic  forms.  Sulphur  is  remarkable  among 
i elements  for  the  number  of  physical  forms  in  which  it 
g appears  and  the  ease  with  which  they  change  from  one 
( to  another. 

Octahedral  sulphur  is  the  form  in  which  natural 
r sulphur  is  found  and  the  form  into  which  apparently 
I all  others  have  a tendency  to  change.  Native  sulphur  is 
a permanently  transparent  yellow  solid,  crystallised  in 
3 octahedra,  and  quite  stable  in  character.  Roll  sulphur 
9 and  flowers  of  sulphur  consist  chiefly  but  not  entirely  of 
I this  variety.  Artificial  crystals  may  be  ob- 
; tained  by  digesting  roll  sulphur  in  warm 
carbon  disulphide,  filtering  and  allowing  the 
liquid  to  cool  and  crystallise  (fig.  32). 

: This  form  is  readily  soluble  in  carbon 

disulphide  ; its  melting  point  is  114-50.  and 
: its  specific  gravity  is  2-05. 

Prismatic  sulphur  is  obtained  by  melting 
‘ ordinary  sulphur  and  allowing  it  to  cool 

until  it  becomes  partially  solidified.  About  half  a pound 
‘ or  a pound  of  sulphur  is  cautiously  melted  in  a hemi- 
I spherical  dish  until  it  just  becomes  liquid ; the  tem- 
' perature  should  not  rise  much  above  1 20°  or  the  sulphur 
^ will  pass  into  a viscid  condition : at  the  right  heat  the 
sulphur  forms  a thin  mobile  orange  liquid.  The  lamp 
being  removed  the  sulphur  is  allowed  to  cool  until  a 


Fig.  32. 
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crust  of  crystals  forms  on  the  top : as  soon  as  the  top  is 
solid  a couple  of  holes  should  be  made  in  it  with  a rod, 
and  the  portion  of  the  still  liquid  sulphur  inside  quickly 

poured  out.  If  the  crust  be  then  broken 
away  the  interior  will  be  found  full  of 
the  needle-shaped  crystals  of  prismatic 
sulphur  (flg.  33). 

The  prisms  are  at  first  transparent, 
but  cannot  be  kept,  since  after  a few 
hours  they  become  yellow  and  opaque, 
breaking  up  into  the  common  form 
of  sulphur,  and  the  needles  become 
changed  into  collections  of  minute  octahedra. 


The  melting-point  of  this  variety  is  1 30°  C.  and  its 
specific  gravity  1*98. 

Plastic  sulphur.  If  a quantity  of  sulphur  in  a flask 
or  test-tube  is  more  strongly  heated,  it  will  be  seen  to 
darken  in  colour  and  become  thick  and  treacly.  This 
viscid  condition  is  most  marked  about  the  temperature 
340°,  and  in  this  condition  the  sulphur  can  hardly  be 
poured  out  of  the  tube.  If  the  mass  be  cooled  suddenly 
in  water,  the  plastic  state  is  retained  for  some  days.  It 
has  been  found  that  while  this  change  is  being  produced 
the  temperature  of  the  sulphur  is  almost  constant,  and 
a thermometer  placed  in  it  rises  very  slowly ; the  heat 
of  the  flame  being  absorbed  in  doing  internal  work  pro- 
ducing molecular  change. 

Distillation  of  sulphur.  A quantity  of  sulphur  is 
heated  in  a glass  retort  until  the  temperature  rises  to  the 
boiling-point  440°,  when  it  is  converted  into  a dark- 
brownish  vapour.  By  adjusting  the  heat  properly,  the 
vapour  can  be  condensed  in  the  neck  of  the  retort,  and  a 
clear  stream  of  liquid  sulphur  will  trickle  from  the  end 
and  if  received  in  a beaker  of  water  (fig.  34}  form  trans- 
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Distilled  Sulphur,  67 

parent  elastic  tlireads.  The  plastic  state  lasts  but  a few 
hours. 

In  addition  to  the  forms  above  described  there  are 
less  distinct  varieties 
of  an  amorphous  or 
non-crystalline  form,  of 
which  some  are  soluble 
and  others  insoluble  in 
bisulphide  of  carbon, 
etc. 

The  vapour  density 
of  this  element  is  also 
remarkable  and  shows 
that  two  forms  of  sul- 
phur vapour  exist.  The  density  of  the  vapour  at  a 
temperature  of  500°  is  96 ; but  at  much  higher  tem- 
peratures, at  1000°  for  example,  the  density  is  32  in 
relation  to  hydrogen  as  unity.  Thus  the  quantity  of 
sulphur  in  vapour  which  fills  the  space  of  two  atoms  of 
hydrogen  [HJ  is  192  or  [Sg]  in  the  first  case,  but  in 
the  second  Hg  occupies  as  much  space  as  64  of  sulphur 
or  [Sg].  So  that  if  a molecule  of  hydrogen  is  re- 
presented by  the  symbol  H2,  we  have  a molecule  of 
sulphur  represented  by  Sg  or  Sg  according  to  the 
temperature.  How  many  atoms  of  the  element  unite  to 
form  the  molecules  of  the  solid  varieties,  we  have  no 
means  at  present  of  discovering.  It  has  been  shown 
that  the  conversion  of  octahedral  sulphur  into  the  other 
varieties  is  attended  by  an  absorption  of  heat  (which  dis- 
appears and  becomes  latent  while  doing  internal  mole- 
cular work),  and  similarly  in  the  reverse  changes,  heat  is 
given  out  which  is  manifested  by  a rise  in  temperature 
when  either  of  the  varieties  changes  back  into  the 
octahedral  form. 


Fig.  34- 
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Sulphur  Dioxide. 

All  the  forms  of  sulphur  are  combustible,  burning  with 
a blue  flame,  and  yield  identical  products  when  burnt  in 
air  or  oxygen. 

The  following  are  some  of  the  most  important  com- 
pounds of  sulphur : — 

502  sulphur  dioxide. 

503  sulphur  trioxide. 

H0SO4  sulphuric  acid. 

H2S  hydrogen  sulphide. 

CSg  carbon  disulphide. 

Sulphur  dioxide,  SO^.  Molecular  weight,  64  ; vapour 
density,  3:2. 

When  sulphur  is  set  on  Are  it  burns  with  a blue  flame, 
giving  off  a gas  with  a well-known  pungent  odour  ; and 
whether  the  combustion  is  in  air  or  oxygen  the  only 
product  appears  to  be  the  dioxide  (SOg). 

The  combustion  in  oxygen  takes  place  without  any 
alteration  in  volume,  and  this  is  shown  by  the  apparatus 
used  to  prove  a similar  relation  in  the  case  of  carbon 
(%.  29) 

S + Oj  = SO,. 

2 Vols.  2 VOls. 

This  gas,  also  known  as  sulphurous  anhydride,  is 
usually  prepared  from  sulphuric  acid  by  acting  upon  it 
with  copper.  Some  pieces  of  sheet  copper  are  placed  in 
a flask  and  covered  with  concentrated  sulphuric  acid : 
it  is  necessary  to  use  the  strong  acid  for  this  purpose. 
Upon  applying  a gentle  heat  the  gas  is  readily  given  off, 
and  being  very  heavy  can  be  collected  in  jars  or  bottles 
(fig.  27),  or  as  it  is  soluble  in  water  it  can  be  collected 
over  mercury: — 

Cu  + 2H2SO,  = SO2  + CUSO4  + 2H2O. 

Copper  and  sulphuric  acid  yield  sulphur  dioxide, 
copper  sulphate,  and  water. 
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Sulphurous  Acid. 

Sulphuric  acid  itself  can  be  decomposed  at  a red  heat 
by  being  slowly  dropped  on  hot  bricks,  etc.,  giving 
sulphur  dioxide,  oxygen,  and  water  : — 

H2SO4  = SO2  + 0 + HgO. 

Sulphur  dioxide  is  a transparent  colourless  gas  with  a 
pungent  acid  taste  and  smell,  characteristic  of  burning 
sulphur.  It  easily  liquefies,  and  upon  simply  leading  the 
gas  into  a glass  tube  cooled  in  a freezing  mixture  of  ice 
and  salt,  it  condenses  to  a colourless  liquid  which  may 
be  preserved  by  sealing  the  tubes. 

When  the  gas  is  led  into  water  a large  quantity  (about 
50  vols.  at  10°)  is  dissolved  and  a strongly  acid  liquid 
obtained,  which  is  a solution  of  sulphurous  acid, 
SO2  + H2O  = HgSOg ; by  cooling  the  solution  crystals 
may  be  obtained  [SO2,  15H2O]. 

Although  this  acid  cannot  be  isolated  in  a definite 
form,  if  neutralised  with  alkaline  hydrates  or  carbonates 
crystallised  salts  are  obtained.  Thus 

2NaOH  + H2SO3  = NaoSOs  + 2H2O. 

NaOH  + H2SO3  = NaHSOs  4 H2O. 

One  molecule  of  acid  with  two  of  sodium  hydrate 
yields  the  neutral  sodium  sulphite,  while  one  molecule 
of  acid  and  only  one  of  sodium  hydrate  form  the  acid 
sodium  sulphite. 

The  sulphites  are  decomposed  with  effervescence  upon 
the  addition  of  strong  acids  in  a manner  similar  to  car- 
bonates. 

Na2S03  + 2HCI  = 2NaCl  + SO2  + H2O. 

Sodium  sulphite  and  hydrogen  chloride  yield  sodium 
chloride,  sulphur  dioxide,  and  water. 

Sulphur  dioxide  is  sometimes  employed  for  bleaching 
silk,  wool,  straw,  etc. : and  the  fumes  of  burning  sulphur 
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Sulphuric  Acid. 

having  a powerful  antiseptic  action  are  frequently  used 
for  disinfecting  sick  rooms  and  ships. 

Thiosulphates.  When  sodium  sulphite  is  digested 
with  sulphur  it  is  converted  into  sodium  thiosulphate : — 

Na.^SOg  + S = Na2S203. 

This  salt,  better  known  as  hyposulphite,  is  largely  used 
in  photography  as  a solvent  for  silver  chloride,  bromide 
and  similar  compounds. 

Sulphuric  acid,  H.SO,^.  Molecular  weight,  98. 

This  acid,  commonly  termed  ‘ Oil  of  Vitriol,’  is  on 
account  of  its  great  usefulness  for  manufacturing  pur- 
poses the  most  important  of  sulphur  compounds. 

It  is  prepared  from  the  lower  oxide  of  sulphur  by  the 
addition  of  oxygen  and  water — 

SO2  + 0 + H2O  = H2SO4. 

On  the  small  scale  in  the  laboratory,  this  oxidation  is 
brought  about  in  various  ways. 

(1) l  a solution  of  sulphurous  acid  slowly  absorbs 
oxygen  from  the  air — 

H2SO3  + 0 = H2SO4. 

(2)  A solution  of  sulphurous  acid  is  treated  with 
chlorine  water — 

H2SO3  -h  CI2  + H2O  = H2SO4  + 2HCI, 
or  any  substances  which  readily  part  with  oxygen  may  be 
used,  such  for  example  as  nitric  acid,  chromates,  perman- 
ganates, etc. 

But  for  the  manufacture  of  the  acid  on  the  large  scale, 
the  oxidation  is  effected  by  atmospheric  oxygen  through 
the  agency  of  oxide  of  nitrogen ; the  process  adopted 
being  briefly  as  follows : — 

Iron  pyrites  (or  sulphur)  is  burnt  in  a brick  chamber 
(fig.  35,  A),  and  the  products  of  combustion,  viz.  sulphur 
dioxide,  mixed  with  nitrogen  and  some  oxygen,  conveyed 
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by  a large  flue  passing  through  a Glover  s tower  (i?) 
into  the  first  of  a series  of  spacious  chambers.  These 
chambers  (CjC^jCg)  are  constructed  upon  wooden  frames, 
lined  throughout  with  sheet  lead.  The  diagram  shows 
the  general  arrangement  of  the  apparatus. 

In  this  ‘ lead  chamber  ’ the  conversion  of  the  sul- 
phurous gas  into  sulphuric  acid,  by  the  joint  action  of 
oxygen  and  steam,  is  effected.  On  the  way  to  the 


Sulphur  dioxide,  nitrogen  peroxide,  and  water,  yield 
sulphuric  acid  and  nitric  oxide.  The  latter  gas  has  the 
property  of  combining  with  free  oxygen  to  form  the 
peroxide,  so  that  upon  a suitable  quantity  of  air  being 
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admitted  to  the  chambers  the  peroxide  of  nitrogen  is 
formed  afresh  as  fast  as  it  is  destroyed. 

2NO  + O2  = 2NO2. 

This  again  comes  into  contact  with  more  sulphurous 
gas  oxidizing  a fresh  portion,  and  so  on  continuously  : 
a small  quantity  of  nitrogen  peroxide  thus  suffices,  by 
alternate  reduction  (or  de-oxidation)  and  oxidation,  to 
convert  a large  quantity  of  sulphur  dioxide  into  sul- 
phuric acid. 

The  necessary  nitric  acid  vapours  are  produced  in  the 
first  instance  by  acting  on  nitrate  of  soda  with  sulphuric 
acid ; the  pots  {0)  containing  the  mixture  being  usually 
placed  so  as  to  get  heated  by  waste  heat  from  the  pyrites 
burners. 

The  nitrogen  contained  in  the  atmospheric  air  con- 
sumed in  the  oxidation  of  the  sulphur  in  both  stages  of 
the  manufacture  must  be  removed  from  the  chambers. 
This  is  efiected  by  means  of  the  draught  of  a large 
chimney  ; and  the  gases  of  the  lead  chambers  are  drawn 
gradually  out  from  the  end  distant  from  the  furnace. 
But  in  order  to  catch  any  nitric  oxide  which  would 
otherwise  pass  away  and  be  lost  in  the  air,  a tower, 
called  a Gay-Lussac’s  tower,  marked  D in  the  diagram, 
filled  with  coke  is  interposed,  and  the  gases  from  the 
chambers  are  passed  through  it.  The  fragments  of  coke 
in  the  Gay-Lussac  or  denitrating  tower  are  saturated 
from  E with  strong  sulphuric  acid  which  absorbs  nitric 
oxide  vapours,  and  the  gases  when  thoroughly  scrubbed 
pass  out  into  the  atmosphere. 

This  nitrated  acid  is  again  utilised  by  being  sent  down 
the  tower  called  a Glover’s  tower,  which  is  erected 
between  the  pyrites  burner  and  the  first  lead  chamber. 
Here  it,  after  some  dilution  with  weaker  acid  contained 
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i in  E,  meets  the  furnace  gases  and  gives  up  its  dissolved 
I nitric  oxides,  which  mixing  with  the  sulphurous  gases 
( pass  onward  into  the  lead  chamber.  The  loss  by  waste 
) of  oxides  of  nitrogen  when  this  arrangement  is  care- 
\ fully  worked  is  reduced  to  a very  small  quantity. 

The  sulphuric  acid  formed  in  the  chambers  settles 
) down  upon  the  floors,  and  is  drawn  off  from  time  to 

J time.  It  is  still  weak,  containing  about  64%  acid, 

a and  must  be  concentrated  by  evaporation  of  the  water 
j by  heat. 

Pure  acid  for  laboratory  purposes  is  distilled  in 
j platinum  stills. 

The  commercial  acid  is  known  by  the  name  ‘ oil  of 
r vitriol,’  it  is  frequently  slightly  brown  from  traces  of 
) organic  matter,  and  it  may  contain  the  following  im- 
j purities,  (i)  lead  derived  from  the  chambers,  (2)  arsenic 

I from  the  pyrites  used,  (3)  traces  of  nitric  acid.  The 

a strongest  acid  has  a density  of  i'85,  and  is  a heavy 

a colourless  oily  liquid.  It  has  a great  affinity  for  water, 

a and  is  used  greatly  in  the  laboratory  for  drying  gases. 
i Much  heat  is  given  out  when  the  acid  is  mixed  with 
water,  on  which  account  the  dilution  of  the  strong  acid 
t must  always  be  done  with  caution,  the  acid  being  slowly 
I poured  into  the  water. 

I Sulphuric  acid  is  very  corrosive,  and  rapidly  attacks 
\ and  destroys  organic  substances.  To  illustrate  the  at- 
I traction  of  the  acid  for  water,  a syrupy  solution  of  cane 

i sugar  is  mixed  with  the  strong  acid  ; it  decomposes  with 

) energy,  and  leaves  a mass  of  porous  carbon  similar  to 
^ that  left  by  heating  sugar. 

\ C,2H220ii  = I2C  + IlHgO. 

y 

I Diluted  sulphuric  acid  has  a sour  taste,  turns  litmus 
J paper  red,  and  decomposes  carbonates  with  efiervescence. 
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If.  the  acid  be  added  to  a solution  of  alkaline  carbonate, 
or  hydrate  of  soda,  potash,  or  ammonia,  until  the  liquid 
is  neutral  to  litmus  paper,  a salt  is  formed  in  solution 
which  by  evaporation  on  a water  bath  can  be  obtained 
in  crystals : such  a salt  is  a neutral  sulphate. 

K,COg  + H2SO4  = K2SO4  + CO2  + H2O. 

Potassium  carbonate  yields  potassium  sulphate.  K 
exactly  twice  the  quantity  of  acid  is  used,  and  the 
solution  evaporated,  the  salt  obtained  is  the  acid  sul- 
phate or  potassium  bisulphate. 

K2CO3  + 2H2SO4  = 2KHSO4  + H2O  + CO2. 

In  the  first  instance  the  whole  of  the  hydrogen  of  the 
acid  is  replaced  by  two  atoms  of  the  metal  potassium, 
while  in  the  second  case  only  one  half  the  hydrogen  is 
so  replaced. 

When  the  hydrogen  of  an  acid  is  divisible  by  two, 
and  can  be  displaced  by  bases  in  two  stages,  the  acid  is 
termed  di-basic. 

Sulphuric  acid,  sulphurous  acid,  and  carbonic  acid 
are  examples  of  dibasic  acids,  inasmuch  as  they  form 
both  ‘ neutral  ’ salts  and  ‘ acid  ’ salts. 

The  following  salts  will  serve  as  examples  : — 

NagSOs  sodium  sulphite  : neutral. 

(NH4)3  SO4  ammonium  sulphate  : neutral. 

K2CO3  potassium  carbonate  : neutral. 

NaHSOs  sodium  bisulphite  ; acid. 

KHSO4  potassium  bisulphate  : acid. 

NaHCOg  sodium  bicarbonate  : acid. 


Sulphuric  anhydride  or  Sulphur  trioxide,  SO3. 

This  oxide  is  not  formed  by  burning  sulphur  in 
oxygen,  but  can  be  made  by  passing  a mixture  of 
sulphur  dioxide  with  oxygen  over  heated  platinum 
sponge  or  platinised  pumice  (fig.  36). 
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' Under  these  conditions  the  gases  will  combine  with  the 
r formation  of  white  clouds  of  sulphuric  anhydride.  For 
! manufacturing  purposes  the  mixed  gases  are  obtained 
i from  strong  sulphuric  acid  by  dropping  it  gradually 
1 into  a red  hot  (platinum)  vessel,  when  it  splits  up  as 
1 follows — 

H.,SO^  = SO2  + 0 + H2O, 

3 and  the  water  being  separated  by  cooling  and  drying 

} the  gases,  a mixture  of  the  two  constituents  is  obtained 


Fig.  36. 

in  the  proportion  desired  for  the  subsequent  conversion 
into  sulphuric  anhydride. 

5 Sulphuric  anhydride  combines  with  water  with  much 
energy  to  form  sulphuric  acid — 

H2O  + SO3  = H2SO,, 

and  also  with  sulphuric  acid  to  form  a crystallizable 
fuming  acid  compound — 

H2SO4  + SO3  = H2S2O7.  ! 

The  fuming  sulphuric  acid,  otherwise  known  as  Nord-  | 

hausen  sulphuric  acid,  easily  parts  with  the  combined  \ 

anhydride  which  distils  oiF  by  a gentle  heat,  and  thus 

I 

! 

» 


i 
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furnishes  a convenient  source  for  the  preparation  of 
small  specimens  of  the  anhydride. 

Sulphur  trioxide  is  a white  fusible  solid  crystallising 
in  needles  or  prisms. 

Hydrogen  Sulphide;  HgS.  Molecular  "Weight,  34. 

"STapour  density,  17. 

This  gaseous  compound  of  hydrogen  and  sulphur 
is  commonly  prepared  by  acting  on  ferrous  sulphide 
(iron  sulphide)  with  sulphuric  or  hydrochloric  acid. 

FeS  + 2HCI  = FeCI,  + H,S. 

Other  metallic  sulphides  similarly  treated  will  yield 
the  gas. 

Hydrogen  and  sulphur  will  combine  directly  on  being 
heated,  and  nascent  hydrogen  also  reacts  with  sulphites 
or  sulphurous  acid  to  form  this  sulphide.  Thus,  if  a 
little  solution  of  a sulphite  is  s^lded  to  a tube  in  which 
hydrogen  is  generated  in  the  usual  way  by  hydrochloric 
and  zinc,  the  issuing  gas  will  be  found  to  blacken 
lead  paper. 

H2SO3  + 3H2  = H.,S  + 3H2O. 

Sulphurous  .acid  with  hydrogen  yields  hydrogen  sul- 
phide and  water. 

A neat  method  of  procuring  small  quantities  of  the 
pure  gas  is  by  gently  heating  a solution  of  magnesium 
sulph-hydrate. 

MgHaSa  + 2H2O  = MgOgHa  + 2H2S. 

The  magnesium  sulph-hydrate  in  solution  is  obtained 
from  alkali  waste  and  sold  as  a commercial  preparation. 

Hydrogen  sulphide  is  a colourless  gas,  with  a very  un- 
pleasant odour  like  that  of  rotten  eggs,  and  poisonous  if 
breathed  in  quantity.  In  the  air  it  burns,  forming  water 
and  sulphur  di-oxide. 

H^S  + 03  = H2O  + SO2. 
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It  can  be  liquefied  by  a pressure  of  seventeen  atmo- 
spheres. Water  dissolves  about  three  volumes  of  the 
gas  at  i5°C.,  and  the  solution  is  slightly  acid. 

This  body  is  largely  used  as  a reagent  in  analysis  for 
the  separation  of  metals  into  groups  and  the  identifica- 
tion of  various  metals.  This  may  be  shown  thus  : — 
a series  of  glasses  is  arranged  containing  the  following 
dilute  metallic  solutions  : (i)  copper  sulphate,  {%)  cad- 
mium sulphate,  (3)  antimony  chloride,  (4)  zinc  sulphate, 
containing  a little  ammonia.  On  the  addition  of  aqueous 
solution  of  hydrogen  sulphide  to  each  we  obtain  metallic 
sulphides  as  precipitates,  e.  g.  copper  sulphide,  brownish 
black ; cadmium  sulphide,  yellow ; antimony  sulphide, 
orange ; zinc  sulphide,  white.  In  the  systematic  course 
of  analysis  for  metals  their  behaviour  with  hydrogen 
sulphide  is  of  great  importance,  and  serves  both  to 
separate  and  identify  them. 

Vapour  density  = 17  or  H2S  : Hg  = 34  : 2. 

Two  volumes  of  this  gas  contain  two  volumes  of 
hydrogen : if  therefore  the  gas  is  heated  in  contact  with 
a metal  (e.  g.  tin)  which  unites  with  the  sulphur  no 
change  of  volume  occurs. 

Carbon  Disulphide;  CS2.  Molecular  weight,  76. 

Vapour  Density,  38. 

By  causing  sulphur  vapour  to  pass  over  red-hot  carbon 
the  disulphide  is  formed : it  condenses  to  a liquid,  heavier 
than  and  insoluble  in  water.  It  is  a useful  solvent  for 
sulphur,  india-rubber,  etc.  The  liquid  is  volatile,  boiling 
at  48°C.  ; the  vapour  easily  ignites  and,  burning  with 
a blue  flame,  produces  the  dioxides  of  sulphur  and 
carbon. 


CHAPTEK  yill. 


THE  HALOGEN  ELEMENTS. 

The  elements  Chlorine,  Bromine,  and  Iodine  form  a 
well-marked  natural  group,  the  free  elements  resembling 
each  other  in  their  general  chemical  properties  and 
behaviour,  and  there  being  also  a marked  similarity 
in  most  of  their  compounds.  They  are  found  widely 
distributed  in  nature  ; in  sea  water,  river  water,  spring 
water,  and  all  natural  waters,  chlorine  is  invariably 
found;  .and  in  most  waters  also  traces  of  varying 
quantities  of  bromine  and  iodine  may  be  detected. 

Chlorine  is  obtained,  directly  or  indirectly,  from 
common  salt,  which  is  abundant  in  sea  water,  and  is 
found  in  considerable  deposits  in  the  form  of  rock  salt.  A 
certain  quantity  of  bromine  is  obtained  from  the  bitter 
residual  liquors  of  sea  water  (containing  magnesium 
bromide)  which  are  left  after  evaporation  and  removal 
of  the  common  salt.  The  ash  of  burnt  seaweeds  (called 
Kelp)  furnishes  quantities  of  bromine  and  iodine  ; com- 
pounds of  these  elements  being  withdrawn  from  sea- 
water by  the  living  plants  and  stored  in  their  tissues 
chiefly  in  the  form  of  sodium  and  potassium  salts. 

Hydrogen  Chloride  and  Hydrochloric  Acid ; HCl. 

Molecular  Weight,  36.5.  Density,  18-25. 

To  prepare  this  compound,  a quantity  of  common 
salt  is  placed  in  a flask,  and  sulphuric  acid  passed  in  by 
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the  thistle  funnel.  The  strong  acid  slightly  diluted 
with  water,  two  of  acid  to  one  of  water,  should  be  used, 
and  the  evolution  of  the  gas  assisted  if  needful  by  a 
gentle  heat.  The  gas  can  be  collected  in  jars  either  by 
displacement  of  air  or  over  mercury,  but  by  reason  of 
its  great  solubility  cannot  be  collected  over  water. 

The  decomposition  is  thus  expressed  : — 

NaCl  + H2SO4  = NaHSO^  + HCl. 

Sodium  chloride  and  sulphuric  acid  form  sodium  bi- 
sulphate and  hydrogen  chloride.  At  a high  temperature 
a further  decomposition  is  possible,  but  is  only  complete 
at  a red  heat.  Hydrogen  chloride  is  made  on  a great 
scale  as  a by-product  of  the  alkali  manufacture  in 
the  preparation  of  sodium  sulphate.  The  second  stage 
of  the  reaction  is  : — 

NaCl  + NaHSO^  = NaaSO^  + HCl. 

Sodium  chloride  with  sodium  bi-sulphate  yields 
neutral  sodium  sulphate  and  hydrogen  chloride.  It 
may  be  remarked  that  many  other  chlorides  treated 
with  sulphuric  acid  are  converted  into  sulphates  with  a 
liberation  of  hydrogen  chloride. 

If  a solution  of  the  gas  is  required  it  may  be  passed 
through  a series  of  bottles  containing  water.  Small 
quantities  of  the  gas  are  conveniently  made  by  heating 
the  solution : strong  hydrochloric  acid  is  placed  in  a 
flask  (fig.  37)  and  a gentle  heat  applied ; the  evolved 
gas  is  dried  by  passing  through  strong  sulphuric  acid, 
and  collected  in  a tube  standing  over  mercury. 

Hydrogen  chloride  can  also  be  produced  by  other 
means,  for  example,  by  the  direct  union  of  the  elements 
hydrogen  and  chlorine  : — 

H2  + Cb  = 2 HCl. 

Two  equal-sized  jars  are  filled  with  the  gases,  one 
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with  hydrogen  and  the  other  with  chlorine,  each  being 
closed  with  a glass  plate,  and  placed  together  mouth 
to  mouth,  the  jar  containing  hydrogen  being  upper- 
most; then  by  slipping  away  the  two  plates  and  in- 
verting the  jars  the  gases  can  be  thoroughly  mixed. 
On  applying  a lighted  taper  the  elements  combine  with 
a sharp  explosion,  and  a cloud  of  vapour  of  hydro- 
chloric acid  is  seen.  Exposure  to  daylight  alone  will 
bring  about  combination,  and  in  sunshine  such  a mix- 
ture instantly  explodes. 


Fig.  37- 

An  important  general  reaction  by  which  hydrogen 
chloride  is  produced,  is  the  decomposition  of  acid 
chlorides,  such  as  phosphorus  chlorides  by  water, — 

PCI3  + 3H2O  = P(0H)3  + 3HCI. 

Phosphorus  trichloride  with  water  forms  phosphorous 
acid  and  hydrogen  chloride, — 

PCI,  + 4H2O  = P0(0H)3  + 5HCI. 

Phosphorus  pentachloride  with  water  forms  phosphoric 
acid  and  hydrogen  chloride. 

The  amount  of  heat  produced  by  the  union  of  i gramme 
of  hydrogen  with  35-5  g.  of  chlorine  is  very  large,  viz. 
22000  c.,  and  a jet  of  hydrogen  will  burn  in  chlorine  as 
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readily  as  in  air,  and  vice  versa,  chlorine  burns  readily 
in  hydrogen. 

Hydrogen  chloride  is  a colourless  and  transparent  gas, 
under  ordinary  conditions  dissolving  in  water,  and  com- 
bining with  it  with  a large  development  of  heat.  The 
solution  formed  is  the  powerful  acid — hydrochloric 
acid : an  older  term  for  it  is  muriatic  acid,  or  spirit 
of  salt. 

The  extreme  solubility  of  the  gas  is  shown  by  having 
a tube  3 feet  long  which  has  been  filled  by  passing  a 
stream  of  gas  for  some  time  to  expel 
all  air  and  then  sealed  at  both  ends. 

On  breaking  one  of  the  sealed  ends 
under  water  in  a glass,  the  water 
rushes  up  absorbing  the  gas,  and 
fills  the  tube  almost  instantly.  Or 
a bottle  filled  with  the  gas  and  fitted 
with  a tube  can  be  used  (fig.  38). 

One  volume  of  water  dissolves 
nearly  500  volumes  of  the  gas.  The 
strongest  acid  has  a density  of  i*2 
and  contains  40  per  cent,  of  HCl. 

Strong  hydrochloric  acid  fumes  in 
damp  air,  combiniug  with  the  in- 
visible vapour  of  water ; no  visible  fumes  are  formed 
in  dry  air.  It  is  a powerful  solvent,  converting  many 
metals  into  chlorides  with  evolution  of  hydrogen.  Its 
actions  with  hydrates,  carbonates,  and  peroxides  are 
shown  by  the  equations  : — 

KHO  + HCl  = KCl  + H2O. 

CaCOg  + 2 HCl  = CaCL  + 11,0  + COg. 

Mn02  + 4HCI  = MnCb  + Ci;  + 2H2O. 

Potassium  hydrate  is  converted  into  potassium 
'chloride,  calcium  carbonate  into  calcium  chloride,  and 
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manganese  peroxide  into  manganese  chloride  with  free 
chlorine. 

The  composition  of  hydrogen  chloride  by  volume 
is  shown  by  the  following  experiments. 

A U-shaped  eudiometer  is  partly  filled  with  the  gas, 
and  the  mercury  adjusted  so  as  to  stand  at  the  same 

level  in  both  tubes ; the  gas  is  then  at 
atmospheric  pressure,  and  its  volume 
can  be  marked  on  the  tube  (fig.  39). 
The  open  limb  of  the  tube  is  then  filled 
with  an  amalgam  of  mercury,  in  which 
a little  metallic  sodium  has  been  dis- 
solved, and  securely  corked,  or  closed 
by  the  thumb,  and  the  gas  brought  into 
and  shaken  with  the  amalgam.  It  is 
afterwards  transferred  to  the  closed  limb 
of  the  tube,  and  brought  to  the  original 
atmospheric  pressure  by  running  out  a 
little  mercury  until  the  remainder  stands 
at  the  same  level  on  both  sides.  The  gas  is  decomposed 
by  the  sodium  amalgam  according  to  the  equation : — 

2HCI  + Na,  = 2NaCl  + H2. 

Hydrogen  chloride  and  sodium  form  sodium  chloride 
and  hydrogen,  and  the  volume  of  the  hydrogen  left  is 
one-half  of  the  volume  of  the  compound  gas  used.  It 
can  easily  be  shown  that  the  residual  gas  is  h^^di'ogen 
by  expelling  it  from  the  stopcock  and  setting  it  on 
fire. 

Strong  hydrochloric  acid  is  decomposed  by  an  electric 
current  and  a mixture  of  hydrogen  and  chlorine  evolved. 
We  can  show  that  the  mixture  contains  equal  volumes 
of  chlorine  and  hydrogen  by  filling  a glass  tube  with  the 
mixed  gases,  and  allowing  the  chlorine  to  be  absorbed 
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by  potash  or  potassium  iodide.  It  will  be  found  that 
one-half  the  volume  (chlorine)  is  absorbed,  and  that  the 
residue  is  hydrogen. 

In  order  to  show  that  the  gases  unite  without  change 
of  volume,  a glass  tube  fitted  with  a stopcock  at  each 
end  and  provided  with  platinum  wires  is  used.  The 
tube  is  filled  in  the  dark  with  the  electrolytic  mixture 
of  hydrogen  and  chlorine  by  passing  a stream  of  the 
gases  (produced  by  the  electrolysis  of  hydrochloric  acid) 
until  all  air  has  been  displaced.  The  stopcocks  are  then 
closed,  and  the  contents  remain  at  atmospheric  pressure. 
If  a spark  is  sent  between  the  wires  combination  takes 
place,  and  by  opening  one  stopcock  while  the  end  of  the 
tube  dips  into  mercury,  it  is  seen  that  no  change  of 
volume  is  caused  by  the  union  of  the  gases ; but  if  the 
open.tube  is  raised  into  water  poured  on  the  surface  of  the 
mercury,  the  gas  entirely  dissolves,  and  the  tube  becomes 
filled  with  water.  We  thus  show  (i)  that  gaseous 
hydrogen  chloride  contains  one-half  its  volume  of 
hydrogen ; (2)  that  the  mixture  of  gases  obtained  by 
electrolysis  contains  equal  volumes  of  chlorine  and 
hydrogen ; (3)  that  their  combination  causes  no  change 
of  volume. 

We  may  represent  these  facts  thus  : — 


+ 

Cb 

= 

HCl 

HCl 

Direct  experiments  upon  the  density  of  these  bodies 
have  shown  that — 

22.4  litres  of  hydrogen  weigh  2 grammes 

22.4  „ of  chlorine  „ 71  „ 

22.4  „ of  hydrogen  chloride  „ 36.5  „ 

from  which  we  see  that  the  density  of  hydrogen  chloride 
is  18-25,  or  the  exact  mean  of  its  components.  And 

G 2 
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according  to  Avogadro’s  hypothesis  the  molecular  weight 
must  be  36-^.  (See  page  9.) 

Chlorine ; Cl.  Atomic  weight,  35-5.  Density,  35-5. 

Molecular  weight,  71  = CI2. 

The  element  chlorine  is  never  found  in  the  free  state, 
but  is  obtained  by  the  decomposition  of  some  chloride ; 
commonly  either  hydrochloric  acid  or  sodium  chloride. 

• To  prepare  the  gas  from  hydrochloric  acid  the  dioxide 
of  manganese  is  used.  This  oxide  is  put  into  a flask  fltted 
with  thistle  funnel  and  delivering  tube,  and  strong 


hydrochloric  acid  added  ; a gradual  evolution  of  chlorine 
takes  place,  which  can  he  assisted  by  very  gentle  heat- 
ing. The  action  is  represented  as  follows  : — 

Mn02  + 4HC1  = M11CI2  + CI2  + 2H2O. 

Manganese  dioxide  with  hydrogen  chloride  yields 
manganese  chloride,  chlorine,  and  water.  This  is  the 
final  stage  of  the  action,  a higher  chloride  of  manganese 
(Mn  CI4)  being  formed  as  an  intermediate  product. 

The  gas  should  be  washed  by  passing  through  a little 
water  for  the  removal  of  hydrogen  chloride,  and  can  be 
collected  by  displacement  of  air  (fig.  40),  or  over  warm 
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water,  but  on  account  of  the  irritating  characters  of  the 
gas,  it  should  be  made  and  collected  in  a cupboard  with 
a good  draught. 

Or  the  gas  may  conveniently  be  prepared  from  common 
salt.  A mixture  of  salt  with  manganese  dioxide  is  put 
in  the  flask,  sulphuric  acid  (previously  diluted  with  its 
own  volume  of  water)  is  added,  and  a gentle  heat  ap- 
plied. The  equation  for  the  reaction  is  : — 

2NaCl  + MnO.,  + 3H2SO,  = 2NaHS04  + MnSO^  + 2H2O  + Cb, 

the  products  being  sodium  sulphate,  manganese  sulphate, 
water,  and  chlorine.  In  this  process  the  sulphuric 
acid  first  causes  hydrogen  chloride  to  be  liberated, 
which  then  reacts  with  the  manganese  oxide.  Many 
peroxides,  and  substances  rich  in  oxygen  such  as 
chlorates,  nitrates,  chromates,  etc.,  cause  chlorine  to  be 
liberated  from  hydrogen  chloride  by  converting  its 
hydrogen  into  water.  Their  action  may  be  expressed 
generally  thus : — 

2HCI  + [0]  = H2O  + CI2. 

At  a very  high  temperature  free  oxygen  is  able  to 
liberate  chlorine,  and,  in  fact,  the  gas  is  produced  com- 
mercially by  passing  hydrogen  chloride  mixed  with 
air  over  red-hot  bricks,  impregnated  with  copper  salts. 

Chlorine  is  obtained  by  the  electrolysis  of  hydrogen 
chloride,  and  some  metallic  chlorides,  such  as  the  chlo- 
rides of  copper,  platinum  and  gold,  liberate  chlorine 
when  strongly  heated. 

Chlorine  is  a yellowish-green  gas  with  an  unpleasant 
odour,  causing  great  irritation  of  the  throat  and  lungs 
when  breathed.  All  experiments  with  this  gas,  therefore, 
need  caution,  and  it  should  not  be  allowed  to  escape 
into  the  air  of  the  laboratory.  It  is  heavier  than  air, 
and  soluble  in  water  to  the  extent  of  2 to  2-5  volumes 
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of  gas  in  one  volume  of  water:  if  the  gas  be  passed 
into  ice-cold  water,  crystals  of  chlorine  hydrate  are 
formed,  Clg,  lo  HgO.  If  these  crystals  are  sealed  up  in 
a strong  glass  tube  and  placed  in  warm  water,  they 
decompose,  and  chlorine  liquefied  by  pressure  separates 
from  the  watery  solution  as  a yellowish  liquid. 

Chlorine  is  chemically  an  extremely  active  substance, 
and  unites  with  almost  all  other  elements.  ' The  fol- 
lowing experiments  can  be  performed  to  illustrate  its 
properties. 

Let  a burning  taper  be  plunged  into  the  gas,  it  is 
not  extinguished,  but  burns  with  a smoky  fiame.  The 
hydrogen  of  the  wax,  having  a great  attraction  for 
chlorine,  unites  with  it,  while  the  carbon  is  set  free 
as  soot. 

Turpentine  (CjoHig)  is  energetically  attacked,  and  a 
piece  of  filter  paper  soaked  in  that  liquid,  if  brought 
into  a jar  of  the  gas,  is  frequently  set  on  fire,  with 
formation  of  fumes  of  hydrogen  chloride  and  a separa- 
tion of  carbon. 

Finely  divided  metals — antimony  in  powder,  or  thin 
copper  leaf,  known  as  Dutch  metal — will  burn  spon- 
taneously if  thrown  into  the  gas. 

A piece  of  phosphorus  in  a defiagrating  spoon  ignited 
in  air  will  continue  to  burn  freely  if  brought  into  a 
jar  of  chlorine,  giving  -off  fumes  of  chlorides  of  phos- 
phorus : — PCI3  and  PCI5. 

Chlorine  gas  has  great  bleaching  power,  and  will 
destroy  most  vegetable  dyes  and  colours,  which  may  be 
shown  by  putting  a piece  of  damp  red  cotton  cloth  into 
ajar  of  the  gas.  The  removal  of  the  colour  is  due  to  an 
oxidising  action,  and  only  takes  place  in  presence  of 
moisture : — 


H2O  + CI2  = 2HCI  + [0]. 


^omine. 
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Water  and  chlorine  produce  hydrogen  chloride  and 
oxygen ; the  latter,  however,  is  not  liberated,  but  enters 
into  combination  with  the  dye  in  the  cloth.  Many 
similar  oxidations  are  effected  by  chlorine  in  the  presence 
of  water. 

Bleaching  powder.  This  substance  is  a convenient 
form  for  utilising  chlorine.  It  is  prepared  by  bringing 
chlorine  gas  into  contact  with  slaked  lime,  with  which  it 
forms  a compound,  CaO  CI2,  popularly  called  ‘ chloride 
of  lime.’  Its  usefulness  depends  upon  the  fact  that 
when  treated  with  dilute  acids  it  evolves  chlorine  ; and 
very  large  quantities  are  used  for  bleaching,  and  also  for 
disinfecting  purposes. 

Bromine ; Br.  Atomic  weight,  80.  Density,  80. 

Molecular  weight,  160  = Br2. 

Bromine  is  obtained  for  the  most  part  from  the  mother 
liquors  of  brine  left  from  the  preparation  of  salt.  Both 
in  the  preparation  of  salt  from  sea  water  and  from  rock 
salt  a quantity  of  bromides  remain  in  the  mother  liquors, 
accompanied  with  smaller  proportions  of  iodides. 

To  obtain  the  bromine  the  liquors  are  mixed  with 
sulphuric  acid  and  a limited  quantity  of  manganese 
dioxide,  the  chemical  reaction  being  similar  to  that  in 
the  preparation  of  chlorine — 

2NaBr  f 3H2SO4  + MnOa  = 2NaHS04  + MnS04  + 2H2O  + Bi’2. 

The  bromine  thus  set  free  is  distilled  over  by  heating 
the  vessels  with  steam,  and  is  condensed  in  large  jars. 
Any  iodine  present  is  also  set  free  ; but  to  prevent 
liberation  of  chlorine,  the  manganese  dioxide  is  used  in 
just  sufficient  quantity  to  act  upon  the  bromides,  and  any 
chlorine  set  free  decomposes  a fresh  portion  of  bromide, 
setting  an  equivalent  amount  of  bromine  free. 
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Bromine  is  a dark-brown,  heavy  liquid;  its  specific 
gravity  is  about  3;  it  becomes  solid  at  — 22;°C.,  and 
boils  at  63°.  Like  chlorine  it  has  an  unpleasant  odour, 
and  is  extremely  irritating  to  the  lungs  and  throat.  It 
dissolves  in  water  to  the  extent  of  about  3 parts  in  100 
of  water,  forming  a reddish  liquid.  Bromine  has  some 
bleaching  power,  but  much  less  than  chlorine. 


Hydrogen  bromide ; HBr.  Molecular  weight,  81. 

Vapour  density,  40-5. 

Hydrogen  bromide  may  be  obtained  by  methods 
similar  to  those  used  in  preparing  the  chloride,  but  not, 
however,  with  the  same  facility,  since  this  compound  is 
less  stable  in  character.  The  elements  unite  with  diffi- 
culty, but  if  a mixture  of  hydrogen  with  bromine  vapour 

is  burnt,  or  passed  over 
platinum  in  a red-hot 
tube,  combination  takes 


When  a bromide,  such 
as  potassium  bromide, 
is  treated  with  strong: 
sulphuric  acid,  gaseous 
hydrogen  bromide  is 
liberated,  but  is  partly 
decomposed,  and  some 
free  bromine  is  also  produced,  by  which  the  gas  is 
coloured  brown.  Phosphoric  acid,  however,  can  be  em- 
ployed instead  of  sulphuric  with  success. 

The  gas  is,  however,  usually  made  from  phosphorus 
bromide  by  the  action  of  water. 

4H2O  + P + Brg  = 5 HBr  + H3PO4. 

Amorphous  phosphorus  is  placed  in  the  flask  with 
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a small  quantity  of  water,  and  bromine  gradually  added 
by  a tap  funnel  (fig.  41)  ; tbe  action  is  very  energetic, 
and  the  gas  comes  off  freely.  To  purify  it  from  free 
bromine  it  is  passed  through  a tube  containing  moist 
amorphous  phosphorus,  and  it  may  be  collected  by 
downward  displacement,  or  over  mercury. 

Hydrogen  bromide  is  a heavy,  colourless  gas,  fuming 
in  moist  air,  and  dissolving  in  water  to  form  a strong 
acid — hydrobromic  acid, — which  in  many  respects  re- 
resembles hydrochloric  acid.  When  neutralised  with 
alkaline  hydrates  or  carbonates  it  forms  bromides. 

K2CO3  + 2HBr  = 2KBr  + H^O  -f  CO2.  ■ 

Potassium  carbonate  and  hydrobromic  acid  form 
potassium  bromide,  water,  and  carbon  dioxide. 

Hydrogen  bromide  contains  equal  volumes  of  hydrogen 
and  bromine  united  without  contraction,  and  its  com- 
position is  proved  by  similar  means  to  those  used  for 
hydrogen  chloride. 

Iodine  ; I.  Atomic  weight,  127. 

Molecular  weight,  254  = I2  (at  low  temperatures). 

The  chief  source  of  iodine  is  kel;p^  which  is  the  ash 
obtained  by  burning  seaweeds.  Since  the  kelp  contains 
less  than  one-half  per  cent,  of  iodides,  it  is  subjected  to 
a process  of  crystallisation  to  remove  the  great  mass  of 
carbonate,  sulphate,  chloride,  etc.,  until  a mother  liquor 
is  obtained  containing  the  iodides  and  bromides. 

The  liquor  is  acidified  with  sulphuric  acid,  and  man- 
ganese dioxide  added  in  small  quantity  from  time  to 
time.  Iodine  alone  is  first  set  free  and  distilled  off,  but 
afterwards  more  manganese  dioxide  is  added  and  the 
bromine  comes  over.  The  chemical  changes  are  similar 
to  those  with  chlorides  and  bromides. 

2NaI  + M11O2  + 3H2SO4  = 2NaHS04  + MnSO^  + 2H2O  + I2. 


go  Density  of  Iodine  Vapour. 

Iodine  is  a gray  solid  with  an  almost  metallic  lustre, 
and  with  a peculiar  smell  somewhat  resembling  chlorine. 
It  volatilises  at  ordinary  temperatures,  and  when  heated 
is  readily  converted  into  a violet-coloured  vapour.  The 
specific  gravity  of  the  solid  is  4-95,  nearly  five  times 
the  density  of  water ; it  melts  at  114°,  and  boils  at  about 
200°. 

It  is  slightly  soluble  in  water,  readily  in  alcohol  and 
solution  of  potassium  iodide,  producing  brown  solutions ; 
also  it  dissolves  readily  in  benzene  and  similar  hydro- 
carbons, in  chloroform,  and  carbon  disulphide,  and  these 
solutions  are  violet  in  colour. 

Iodine  is  liberated  from  most  of  its  compounds  with 
the  metals,  by  chlorine  and  bromine,  but  is  not  dis- 
placed from  the  oxygenated  compounds,  such  as  iodates. 
Free  iodine  even  in  minute  quantity  is  recognised  by 
the  formation  of  a blue  colour  with  starch  solution. 

Molecular  weight  of  Iodine.  When  the  vapour  den- 
sity of  iodine  is  determined  at  temperatures  below  590°, 
it  is  found  to  be  127  times  as  great  as  that  of  hydrogen, 
but  at  temperatures  above  this  a lower  value  is  found, 
and  the  density  diminishes  to  two-thirds  of  127,  viz. 'to 
85  (H=i).  Under  the  reduced  pressure  of  one-tenth  of 
an  atmosphere,  and  at  a temperature  of  1300°  to  i400°C., 
the  density  falls  to  66*3.  Now  from  the  first  of  these 
results  the  weight  of  the  iodine  molecule  becomes 
254  = 12;  but  the  second  value  gives  170  as  the  molecular 
weight,  and  the  last  132*6.  It  would  seem,  therefore, 
that  below  590°  the  molecule  of  iodine  vapour  is  I2,  but 
as  the  temperature  rises  a splitting-up  of  molecules  into 
separate  atoms  takes  place,  until  the  molecular  weight 
finally  approaches  127,  which  is  the  atomic  weight; 
and  probably  at  higher  temperatures  the  breaking-up 
would  be  complete. 


Hydrogen  Iodide, 
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becomes 


The  molecular  weight  of  bromine  is  found  to  be 
ido^Br^  at  low  temperatures,  and  to  become  diminished 
by  about  one-sixth  at  the  higher  temperatures,  which 
appear  to  indicate  the  beginning  of  a similar  decom- 
position. No  change  in  the  density  of  chlorine  has  been 
observed  at  the  highest  temperatures. 


Hydrogen  Iodide ; HI.  Molecular  weight,  128.  Density,  64. 

The  direct  union  of  iodine  with  hydrogen  can  be 
brought  about  by  passing  the  mixture  over  heated 
spongy  platinum,  when  a fuming  gas  is  produced  re- 
sembling the  similar  compound  of  hydrogen  with  chlorine 
and  bromine. 

Hydrogen  iodide  is  also  liberated,  but  mixed  with  free 
iodine,  when  an  iodide  is  decomposed  by  sulphuric  acid. 

The  method  used  for  preparing  the  gas  is  the  same  as 
that  used  for  making  hydrogen  bromide,  viz.  the  decom- 
position of  iodide  of  phosphorus  by  water. 

PI3  + 3H2O  = P(0H)3  + 3 HI. 

Phosphorus  tri-iodide  with  water  gives  phosphorous 
acid  and  hydrogen  iodide. 

If  half  a gramme  of  phosphorus,  one  cubic  centimetre 
of  water,  and  six  grammes  of  iodine  are  cautiously 
brought  together  in  a test  tube,  a very  strong  solution 
of  hydrogen  iodide  is  formed,  which  will  evolve  the  gas 
on  heating,  and  by  fixing  a bent  tube  fitted  with  a cork 
into  the  test  tube,  two  or  three  bottles  can  be  filled 
with  samples  of  the  gas. 

' Hydrogen  iodide  is  a colourless,  very  heavy  gas,  more 
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than  four  times  as  heavy  as  air,  and  can  be  collected  by 
downward  displacement.  It  fumes  strongly  in  air,  and 
is  very  soluble  in  water,  forming  hydriodic  acid:  both 
gas  and  solution  are  readily  decomposed.  A little 
chlorine  gas  instantly  decomposes  the  gas,  producing 
violet  fumes ; and  also  plunging  a stout  red-hot  wire 
into  it  liberates  violet  vapours  of  iodine.  It  contains 
equal  volumes  of  hydrogen  and  iodine,  combined  with- 
out contraction. 

General  relations  of  the  halogen  elements. 

A comparison  of  the  physical  and  chemical  characters 
of  these  elements  shows  the  general  resemblance  of  their 
characters.  They  exist  in  the  states  of  gas,  liquid  and 
solid  respectively,  and  in  boiling-point,  specific  gravity, 
atomic  weights,  and  vapour  density  manifest  a regular 
succession  to  each  other. 

The  heats  evolved  by  their  union  with  hydrogen  are — 

H + Cl  22,000  heat  units. 

H + Br  8,44®  >> 

H + I - 6,036  „ 

The  numbers  will  throw  light  upon  the  relative 
stability  of  these  compounds,  since  the  large  evolution 
of  heat  in  the  production  of  the  chloride  signifies  com- 
bination with  energy,  great  chemical  attraction,  and 
corresponding  stability  in  the  compound ; while  the 
negative  value  of  the  formation  of  the  iodide  means  an 

O 

absorption  of  energy  in  its  formation,  and  suggests  that 
it  may  easily  be  decomposed  into  its  elements. 

Hydrogen  bromide  or  hydi’ogen  iodide  are  decom- 
posed by  chlorine,  with  a formation  of  hydrogen  chloride 
and  liberation  of  bromine  or  iodine  ; similarly  bromine 
liberates  iodine  from  hydriodic  acid;  these  decompo- 
sitions are  easily  understood  in  the  light  of  the  values 
given  above. 


CHAPTEE  IX. 


NITROGEN.  AMMONIA.  NITRIC  ACID. 

Nitrogen  in  the  free  state  is  one  of  the  most  inert  of 
substances,  and  can  only  with  difficulty  be  brought  into 
combination  ; but  in  the  combined  form  it  enters  into  an 
infinite  number  of  compounds,  organic  as  well  as  inor- 
ganic, many  of  which  have  the  most  active  chemical 
properties.  The  compound  with  hydrogen — ammonia 
(NHg) — is  a powerful  alkali,  and  the  oxidised  compound 
nitric  acid  (HNO3)  is  an  equally  powerful  acid. 

Ammonia ; WH3.  Molecular  weight,  17.  Density  of  gas,  8-5. 

Ammonia  is  found  in  small  quantities,  in  air,  earth, 
and  some  waters,  and  in  volcanic  gases.  It  has  been 
obtained  by  the  action  of  an  electric  discharge  upon  a 
mixture  of  hydrogen  and  nitrogen. 

When  animal  or  vegetable  matters,  containing  nitrogen, 
putrefy  and  decay,  or  are  destroyed  by  heating,  ammonia 
is  among  the  products ; and  originally  an  impure  am- 
monia (spirit  of  hartshorn)  was  obtained  by  heating  in  a 
retort  horn  or  other  similar  animal  substances.  Ammonia 
in  the  present  day  is  almost  entirely  produced  by  the 
destructive  distillation  of  coal,  as,  for  example,  in  the 
retorts  for  making  illuminating  gas,  in  coke  ovens,  in 
blast  and  other  furnaces.  The  gases  given  ofi‘  during  the 
heating  of  coal  are  passed  through  water,  which  dissolves 
'and  retains  the  ammonia,  accompanied  by  tarry  and 
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other  substances.  From  the  ammoniacal  liquors  the 
ammonia  is  separated  by  distillation  and  led  into  either 
hydrochloric  or  sulphuric  acid ; thus  a salt  of  ammonia 
is  formed,  which  may  be  obtained  in  the  solid  state  on 
evaporation  of  the  water,  and  purified  by  recrystallisa- 
tion. 

The  production  of  ammonia  from  animal  matter  is 


Fig.  42. 

readily  shown  by  heating  a few  pieces  of  feather  in  a 
test  tube ; the  vapours  coming  off  have  a strong  ammo- 
niacal smell,  and  will  change  the  colour  of  red  litmus 
paper  to  blue,  or  of  yellow  turmeric  paper  to  bro^vn, 
owing  to  their  alkaline  characters. 

Gaseous  ammonia  is  prepared  from  sal-ammoniac 
(ammonium  chloride)  by  heating  it  with  lime : — 

2NH,C1  + Ca0  = CaCl2  + 2NH3  + II,0. 
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Calcium  chloride,  ammonia,  and  water  are  produced.  A 
mixture  of  the  two  substances  in  powder  is  gently 
heated  in  a glass  flask  or  metal  vessel ; the  gas  comes 
ofi*  readily,  and,  being  lighter  than  air,  can  be  collected  in 
bottles  held  mouth  downwards  (fig.  42).  For  drying  the 
gas  quick  lime  is  used ; sulphuric  acid  is  obviously  in- 
admissible, as  it  absorbs  the  gas;  and  as  calcium  chloride 
also  forms  a compound  with  ammonia,  it  cannot  be  used. 

The  gas,  having  a powerful  and  pungent  action  on  the 
eyes,  nose,  and  the  mucous  membranes  generally,  should 
not  be  inhaled,  and  must  be  prepared  and  used  with 
caution. 

Ammonia  is  a transparent,  colourless  gas,  extremely 
soluble  in  water : a bottle  of  gas  opened  with  its  mouth 
under  water  is  filled  instantly.  Another  experiment  can 
be  made  to  show  this  fact.  Let  a strong  flask  or  bottle 
be  filled  with  the  gas  and  the  mouth  closed  by  a well- 
fitted  cork,  carrying  a tube  drawn  out  to  a point,  at  both 
ends,  the  lower  end  being  sealed.  On  bringing  the  tube 
into  water  and  breaking  the  point,  so  rapid  an  absorption 
takes  place  that  the  water  is  driven  into  the  bottle  with 
much  force  (fig.  38). 

One  gramme  of  water  at  0°  dissolves  nine-tenths  of  a 
gramme  of  ammonia,  which  is  about  one  thousand-fold 
its  volume.  The  strong  solution  of  ammonia  is  known 
in  pharmacy  as  liquor  ammoniae  foriior^  and  its  density 
is  about  -88o  (water  = 1).  From  this  solution  the  gas  is 
freely  given  off  on  applying  a slight  heat,  and  in  this 
way  we  may  conveniently  obtain  small  quantities  for 
use.  If  pure  ammonia,  free  from  air,  is  required,  the  gas 
should  be  collected  over  mercury. 

The  most  important  chemical  property  of  ammonia  is 
its  basic  character,  i.  e.  its  power  to  unite  with  acids  and 
form  salts.  It  has  a strongly  alkaline  taste,  turns  red 
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litmus  paper  blue,  and  turmeric  brown.  When  added  to 
an  acid  it  enters  into  direct  combination  to  produce  a 
neutral  substance  or  salt  which  does  not  change  the 
colour  of  litmus.  Thus  with  hydrogen  chloride  it  forms 
sal-ammoniac  or  ammonium  chloride : — 

NH3  + HC1  = NH4C1. 

Take  a bottle  of  gaseous  ammonia  and  another  filled 
with  gaseous  hydrogen  chloride.  The  bottles  should  be 

equal  in  size,  and  if  the  mouths  are 
ground  fiat  they  can  be  covered  with 
greased  glass  plates  to  retain  the  gases ; 
which  are  slipped  aside  in  making  the 
experiment.  The  ammonia  being  lighter 
should  be  on  the  top  (fig.  43), 

When  the  bottles  are  placed  mouth 
to  mouth,  and  the  glass  plates  removed, 
an  instant  combination  takes  place, 
and  dense  white  fumes  of  ammonium 
chloride  are  formed.  The  ‘ salt  ’ thus 
produced,  by  the  combination  of  the 
alkaline  gas  with  the  acid  gas,  is  a 
perfectly  neutral  substance.  It  has  a 
saline  taste,  resembling  common  salt, 
and  it  has  neither  acid  nor  alkaline 
properties,  and  so  is  without  action  on  litmus  paper. 

In  a similar  way  we  can  form  ammonium  nitrate  by 
mixing  solution  of  ammonia  with  nitric  acid.  Both 
should  be  somewhat  diluted  with  water,  and  the  nitric 
acid  poured  carefully  into  the  ammonia  until  the  liquid 
is  neutral  to  test  paper.  Then  by  gentle  heating  most 
of  the  water  is  expelled,  and  the  salt  will  ciystallise  if 
the  solution  be  cooled. 

Ammonia  gas  is  only  feebly  combustible  in  air,  its 
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hydrogen  burning  to  water,  but  in  oxygen  it  burns 
readity,  with  a greenish  flame.  If  a stream  of  oxygen 
gas  is  from  a holder  led  into  a small  flask  containing  the 
strong  solution  of  ammonia  and  a 
hght  applied,  a vigorous  combustion 
takes  place.  Or,  a little  strong  am- 
monia is  placed  in  a flask,  in  the  neck 
of  which  is  a card  supporting  a spiral 
coil  of  platinum  wire  (fig.  44).  The 
wire  should  hang,  nearly  touching 
the  liquid.  If  the  wire  be  removed 
and  heated  to  redness  for  an  instant 
in  a flame,  and  then  replaced  while 
still  warm,  it  will  glow  and  keep  red- 
hot  for  some  time,  the  heat  being 
main^ined  by  the  slow  combustion  of  Fig.  44. 

the  mixture  of  air  and  ammonia. 

The  composition  of  ammonia  by  volume  is  shown  by 
the  eudiometer.  About  one-third  of  the  closed  limb  of  a 
U-tube  (fig.  39)  is  filled  with  gaseous  ammonia,  and  a 
stream  of  electric  sparks  passed  between  platinum  wires 
sealed  into  the  glass.  The  ammonia  rapidly  increases  in 
volume,  and  after  it  ceases  to  expand  and  the  mercury 
is  brought  level  in  both  limbs  of  the  tube,  the  volume 
will  be  found  to  be  doubled.  Allowing  a portion  of  the 
gas  to  issue  from  the  stopcock,  it  will  be  found  that  the 
alkaline  reaction  has  disappeared,  and  the  hydrogen  in 
the  mixture  can  be  iirnited. 

O 

In  order  to  determine  the  composition  of  the  mixture 
of  nitrogen  and  hydrogen  the  gas  is  transferred  to  a 
straight  eudiometer  and  measured.  Then  pure  oxygen 
is  added  in  excess,  and  measured,  and  the  mixture 
exploded ; the  water  formed  condenses,  and  a residue 
of  nitrogen  with  oxygen  is  left,  which  is  also  measured. 

H 
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Since  two  volumes  of  hydrogen  with  one  volume  of 
oxygen  unite  to  form  water,  the  amount  of  hydrogen  in 
the  mixture  will  be  two-thirds  of  the  contraction  on 
explosion. 

Let  us  suppose,  for  example,  an  experiment  yields  the 
following  measures : — 

Volume  of  Ammonia  = 20  cc. 

Mixture  after  passing  the  spark  = 40  cc. 

After  adding  oxygen  = 60  cc. 

After  explosion  = 1 5 cc. 

The  contraction  is,  therefore,  45  cc.,  two-thirds  of 
which  gives  hydrogen,  equals  30  cc.,  and  by  difference 
the  nitrogen  equals  10  cc. 

NH3  (2  vols.)  = N (i  vol.)  + H3  (3  vols.) 

That  is,  two  vols.  of  ammonia  yield  one  volume  of 
nitrogen  and  three  vols.  of  hydrogen.  The  vapour 
density  of  ammonia  has  been  found  by  direct  experiment 
to  be  8*5,  which  is  also  in  agreement  with  this  result. 
The  molecular  weight  of  ammonia,  therefore,  is  17. 

Nitric  Acid.  Hydrogen  Nitrate ; HNO3.  Molecular 

weight  63. 

Nitric  acid  is  prepared  from  an  alkaline  nitrate : a 
quantity  of  potassium  nitrate  (nitre)  is  placed  in  a retort, 
sulphuric  acid  is  added,  and  the  mixture  gently  heated. 
The  vapours  of  nitric  acid  distil  over,  and  condensing 
in  the  neck  of  the  retort  are  collected  in  a well-cooled 
receiver  fitted  to  the  extremity  (fig.  20).  The  action  is 
as  follows  : — 

KNOg  + H2SO4  = KHSO4  + HNO3. 

Potassium  nitrate  and  sulphuric  acid  produce  acid  potas- 
sium sulphate  and  nitric  acid. 

For  the  manufacture  of  the  acid  on  a large  scale 
sodium  nitrate  (Chili  saltpetre)  is  used,  and  the  opera- 
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tion  is  carried  on  in  large  iron  vessels.  Double  the 
quantity  of  sodium  nitrate  may  be  used,  but  the  higher 
temperature  required  to  finish  the  action  causes  some 
nitric  acid  to  decompose,  and  the  product  is  more  or 
less  coloured  yellow  by  oxides  of  nitrogen. 

2NaN03  + H2S04  =Na2S04  + 2HN0.. 

Two  molecules  of  sodium  nitrate  with  one  of  sulphuric 
acid  produce  neutral  sodium  sulphate  and  nitric  acid. 

Pure  nitric  acid  is  a colourless  liquid ; its  density  is 
above  1-5,  but  the  acid  commonly  used  in  the  laboratory 
is  of  the  specific  gravity  1-42,  and  then  contains  70  per 
cent,  of  real  acid,  HNO3,  and  30  per  cent,  of  water.  Acid 
of  this  strength  may  be  distilled  without  decomposition, 
but  a stronger  acid  is  partly  decomposed  on  distillation. 
At  a red  heat  nitric  acid  is  decomposed  entirely  into 
nitrogen  peroxide,  oxygen,  and  water. 

2HN03  = 2NO2  + O + H2O. 

A slight  decomposition  takes  place  by  simple  exposure 
to  light,  the  acid  acquiring  a yellow  tinge. 

Nitric  acid  is  a strongly  corrosive  substance  and  a 
powerful  solvent.  It  acts  energetically  on  many  in- 
organic and  organic  bodies ; the  elements  sulphur,  phos- 
phorus, and  iodine  are  by  it  oxidised  and  converted  into 
sulphuric,  phosphoric,  and  iodic  acids;  copper,  silver, 
mercury,  and  other  metals  are  dissolved  and  converted 
into  nitrates,  but  gold  and  platinum  are  not  attacked 
even  by  the  most  concentrated  acid. 

Many  organic  substances  are  acted  upon  by  nitric 
acid  yielding  nitro-derivatives,  some  of  which  are 
powerful  explosives,  for  instance,  nitro-glycerine  and 
gun-cotton.  The  formation  of  nitro-benzene  will  serve 
as  an  example  of  the  reaction. 

Ce  He  4 HNO3  = Ce  H^,  NO2  + H2O. 

H 2 
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Benzene  and  nitric  acid  form  nitro-benzene  and  water. 

Nitric  acid  mixed  with  hydrochloric  acid  forms  the 
liquid  termed  aqua  regia^  a most  powerful  solvent ; it 
dissolves  most  metals,  including  gold  and  platinum, 
forming  metallic  chlorides. 

Nitric  acid  can  be  produced  by  synthesis^  starting 
either  from  nitrogen  or  ammonia : — 

(1)  When  a series  of  electric  sparks  are  passed  through 
a mixture  of  nitrogen  and  oxygen,  contained  in  a globe, 
red  fumes  are  formed ; which  in  contact  with  water  pro- 
duce nitric  acid.  It  is  probable  that  traced  of  nitric  acid 
are  formed  in  this  manner  in  the  air  during  thunder- 
storms. 

(2)  Let  a jet  of  hydrogen  be  burnt  in  air  so  that  the 
water  formed  can  be  collected ; it  will  be  acid  and  will 
contain  nitric  acid. 

(3)  The  oxidation  of  ammonia  produces  nitrite  and 
nitrate.  This  oxidation  may  be  effected  by  burning  the 
ammonia  in  air  or  oxygen ; by  passing  ammonia  with 
excess  of  air  over  heated  spongy  platinum ; or  by  the 
action  of  ozone  on  very  dilute  ammonia. 

2NH3  + 03  = NH,N02  + H,0. 

2NH3  + O4  = NH4NO3  + H^O. 

(4)  Nitrification.  Nitrates  are  found  in  soils  in  all 
parts  of  the  world,  being  continually  formed  by  the 
oxidation  of  ammonia  and  organic  substances,  and  plants 
depend  largely  for  the  nitrogen  they  require  upon  the 
nitrates  thus  produced.  In  the  neighbourhood  of  stables, 
manure  heaps,  cesspools,  and  similar  places  nitrates  are 
abundant,  and  occasionally  potassium  nitrate  is  found 
as  an  efflorescence  (saltpetre)  upon  diy  soil.  In  this 
country  calcium  nitrate  is  more  commonly  present  in 
soils,  but  does  not  appear  as  an  efflorescence,  as  it  is 
very  soluble  and  deliquescent.  A quantity  of  sodium 
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nitrate,  or  Chili  saltjpetre.,  is  brought  from  rainless  districts 
in  South  America,  where  large  deposits  of  unknown 
origin  exist. 

Artificial  nitre  beds  (nitre  plantations)  have  been- 
constructed  for  the  production  of  this  salt  on  the  large 
scale.  A suitable  porous  soil  mixed  with  animal  refuse 
and  wood  ashes  (the  latter  to  furnish  potassium)  is 
watered  from  time  to  time  with  animal  liquids  or  sewage 
until  an  accumulation  of  nitre  takes  place.  The  soil 
is  then  washed  with  water  to  dissolve  out  the  nitrates 
which  are  recovered  from  solution  after  evaporation  and 
crystallising. 

Although  the  actual  production  of  nitrates  from 
ammonia  in  soils  is  efiected  by  the  process  of  oxidation 
by  the  oxygen  of  the  air,  it  is  found  that  ‘ nitrification  ’ 
depends  upon  the  presence  of  minute  organisms,  ‘ micro- 
coccus nitrificans/  and  if  a soil  be  sterilised  by  heating 
or  other  means  it  loses  the  power  of  causing  this  change. 

* 

Action  of  Metals  on  Nitric  Acid. 

When  hydrochloric  acid  or  dilute  sulphuric  acid  acts 
upon  zinc,  a salt  is  formed  and  hydrogen  set  free.  In 
these  cases  there  appears  to  be  a simple  replacement  of 
hydrogen  by  metal. 

H2  SO4  + Zn  = Zn  SO4  + Ho. 

But  when  copper  acts  upon  strong  sulphuric  acid  no 
hydrogen  is  obtained,  but  sulphur  dioxide  is  produced 
by  a further  decomposition  of  the  acid.  This  production 
of  sulphur  dioxide  appears  to  arise  from  two  successive 
changes,  the  first  being  represented  thus  : — 

Cu  + H2SO4  = CuS04  4-[H2], 

the  hydrogen  sulphate  becoming  copper  sulphate,  but 
the  hydrogen,  instead  of  being  liberated  as  gas,  attacks 
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the  sulphuric  acid  and  deprives  it  of  part  of  the  oxygen, 
thereby  producing  sulphur  dioxide  and  water : — 

H2SO4  + H2  = SO2  + 2H2O. 

And  the  reducing  action  of  the  hydrogen  may  proceed 
still  further  until  free  sulphur,  and  even  hydrogen 
sulphide,  are  obtained.  The  black  residue  left  after  the 
action  of  copper  on  sulphuric  acid  contains  copper 
sulphide. 

Nitric  acid  with  metals  is  acted  upon  in  a similar 
manner,  no  hydrogen  being  liberated,  but  a series  of 
products  obtained  by  successive  removals  of  oxygen. 

When  copper  dissolves  in  nitric  acid  of  sp.  gr.  i-2, 
the  gas  produced  contains  98  per  cent,  of  nitric  oxide 
(NO),  I per  cent,  of  nitrous  oxide  (NgO),  and  i per 
cent,  of  nitrogen  (N,^).  But  if  the  acid  be  diluted  with 
water  (one  part  of  acid  to  eight  of  water),  as  much  as 
20  per  cent,  of  nitrous  oxide  (N2O)  and  7 per  cent,  of 
nitrogen  are  obtained. 

Again,  zinc  with  the  same  dilute  acid  gives  a mixture 
of  gases  containing  46  per  cent,  of  nitric  oxide  (NO), 
50  per  cent,  of  nitrous  oxide  (NgO),  and  4 per  cent,  of 
nitrogen ; besides  which  a considerable  amount  of 
ammonia  as  nitrate  is  left  in 'the  solution. 

The  strength  of  the  acid,  the  temperature,  and  other 
conditions  affect  the  quantities  of  the  resulting  products, 
the  most  complete  reduction  being  obtained  by  prolonged 
action  with  dilute  acids.  We  may  represent  the  reduc- 
tions by  the  following  equations  : — 

HNO3  + H2  = HNOg  H,,0.  Nitrous  acid. 

HNO2  + H2  = HNO  + H2O.  Hyponitrous  acid. 

HN0+H3  = HN0.  Hydroxylamine. 

H3NO  + H2  = H3N  4H2O.  Ammonia. 

But  as  these  compounds  cannot  exist  in  the  presence 
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of  each  other  and  of  nitric  acid,  a series  of  secondary 
changes  occur,  resulting  in  the  liberation  of  nitrogen 
oxides  and  also  free  nitrogen  : — 

3HN02=HN03+2N0  +H2O. 

HNO3  + NH3  = N2O  + 2H2O. 

HNO2  + NH3  = N2  +2H2O. 

Since,  however,  it  appears  that  the  reaction  betw*een 
copper  and  nitric  acid  depends  upon  the  presence  of 
nitrous  acid,  the  pure  metal  being  hardly,  if  at  all, 
attacked  by  pure  acid,  an  entirely  different  explanation 
of  the  chemical  changes  has  been  proposed  ; thus — 

CU  + 4HNO2  =Cu(N02)2  + 2H20  + 2N0. 

Cu  (N02)o  + 2HN03  =Cu  (N03).,  + 2HNO0. 

2NO  + HNO3  + H26  = 3HNO2. 

Copper  nitrite  is  first  produced,  but  is  directly  con- 
verted into  nitrate  with  liberation  of  nitrous  acid. 
When  the  amount  of  nitrous  acid  reaches  a certain  point 
a reverse  action  begins  and  nitric  oxide  is  evolved : — 

3HNO2 = HNO3  + 2NO  + H2O. 
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OXIDES  OF  NITROGEN. 

The  series  of  oxides  of  nitrogen  is  complete  from  the 
lowest  (N^O)  to  the  highest  (N2O5) : — 

NgOg  Nitrogen  pentoxide  or  Nitric  anliydride. 

NgO^  or  NOg  Nitrogen  tetroxide  or  Nitrogen  peroxide. 

NgOg  Nitrogen  trioxide  or  Nitrous  anhydride. 

[NgOg]  or  NO  Nitrogen  dioxide  or  Nitric  oxide. 

NgO  Nitrogen  monoxide  or  Nitrous  oxide. 

NTitrogen  Pentoxide  or  Nitric  Anhydride  ; NgOg. 

This  substance  is  produced  from  nitric  acid  by  the 
removal  of  water;  it  is  a solid,  unstable  substance,  and 
combines  eagerly  with  water,  reproducing  nitric  acid. 

One  method  for  preparing  it  is  to  act  upon  the  most 
concentrated  nitric  acid  with  phosphorus  pentoxide. 

2 HNO3  + PgOg  = 2 HPO3  + NgOg. 

Nitric  acid  with  phosphorus  pentoxide  forms  phos- 
phoric acid  and  nitrogen  pentoxide.  The  reproduction 
of  nitric  acid  is  expressed  by  the  equation  : — 

NgOg+HgO  = 2HNO3. 

Nitrogen  Peroxide  or  Nitrogen  Tetroxide; 

N2O4  or  NOg. 

This  oxide  is  obtained  as  a reddish  gas  when  nitric 
oxide  is  mixed  with  excess  of  oxygen  or  air : — 

2NO  + Og  = 2N0g. 

It  is  also  ffiven  off  when  lead  nitrate  is  heated  : — 

O 

PbNg0e  = Pb0  + Ng04  + 0. 
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The  products  of  the  decomposition  are  lead  oxide, 
nitrogen  peroxide,  and  oxygen. 

If  lead  nitrate  be  heated  in  a retort  and  the  red 
vapours  produced  are  led 
into  a bent  tube  immersed 
in  a freezing  mixture,  a 
reddish  brown  liquid  is 
condensed  and  the  oxygen 
passes  on  (fig.  45).  This 
liquefied  oxide  boils  at 
22°C.,  and  may  be  kept  in 
well-closed  vessels.  It  has  no  acid  properties  when  dry, 
but  with  water  it  is  split  up  in  one  of  two  ways : — 

(1)  N2O4  + H2O  = HNO3  + HNO2, 

With  a little  water  it  produces  nitric  and  nitrous  acids  ; 

(2)  3N2O4  + 2H2O  = 4HNO3  + 2NO  ; 

with  excess  of  water  (owing  to  the  unstable  character 
of  nitrous  acid)  the  products  are  nitric  acid  and  nitric 
oxide  (page  106). 

This  oxide  contains  14  parts  of  nitrogen  vtdth  3:^  of 
oxygen,  or  nearly  70  per  cent,  of  oxygen ; and  on 
account  of  the  large  quantity  of  oxygen  present,  and 
also  the  ease  with  which  it  breaks  up,  the  liquid  oxide 
has  been  used  as  an  ingredient  for  making  explosives. 

The  vapour  density  of  this  oxide,  and  in  consequence 
also  its  molecular  weight,  varies  with  the  temperature. 
It  is  found  that  at  low  temperatures,  26°C.,  the  density  is 
41-4,  which  diminishes  quickly  as  the  temperature  rises, 
until  at  i40°C.  the  density  is  23. 

The  formula  corresponds  to  a molecular  weight 
92  and  density  46  ; while  NOg  expresses  the  molecular 
weight  46  and  density  23.  We  see,  therefore,  that  at 
' high  temperatures  the  gas  consists  entirely  of  molecules 
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of  NO2,  but  at  low  temperatures  it  is  probably  a mixture 
of  molecules  of  N2O4  and  NO2.  At  26°  the  composition 
would  be  80  per  cent,  and  20  per  cent,  respectively. 

A visible  effect  of  this  molecular  change  is  the  change 
in  the  colour  of  the  gas  produced  by  heating.  If  a thin 
flask  filled  with  the  gas  is  gently  heated,  the  pale-red 
gas  gradually  darkens  and  becomes  more  opaque  until  it 
appears  almost  black  in  colour. 

.[At  temperatures  approaching  a red  heat  a further 
change  takes  place,  and  the  gas  decomposes  into  nitric 
oxide  and  oxygen.] 

Nitrogen  Trioxide  or  Nitrous  Anhydride;  NgOg. 

The  trioxide  is  the  most  unstable  of  the  oxides  of 
nitrogen.  It  is  prepared  from  nitric  acid  by  heating 
with  starch  or  arsenic  trioxide,  which  become  oxidised 
in  the  operation. 

2HNO3  + AsaOg  + 2H2O  = 2H3ASO4  + N2O3. 

Arsenic  trioxide  and  nitric  acid  produce  arsenic  acid  and 
nitrogen  trioxide. 

The  red  fumes  given  off  are  a mixture  of  dioxide  with 
tetroxide,  but  if  passed  into  a freezing  mixture  a green 
liquid  is  condensed  which  is  chiefly  trioxide.  It  is  very 
unstable,  and  if  the  temperature  be  allowed  to  rise  de- 
composes again  into  dioxide  and  tetroxide. 

2N2O3  = N2O4  + 2NO. 

With  ice-cold  water  nitrogen  trioxide  forms  nitrous 
acid,  also  an  unstable  substance,  for  it  breaks  up  if 
warmed  into  nitric  acid  and  nitrogen  dioxide: — 

NA  + H20  = 2HN02. 

3HNO2  = HNO3  + 2NO  ^ H2O. 

Nitrites.  Although  nitrous  acid  cannot  be  isolated  as 
a definite  compound,  it  forms  by  uniting  with  metals 
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perfectly  stable  and  definite  salts;  such  as  potassium 
nitrite,  KNOg,  sodium  nitrite,  NaNOg,  silver  nitrite, 

AgNOg. 

If  the  red  fumes  given  off  by  heating  together  starch 
and  nitric  acid  are  passed  into  solution  of  potash  or  soda 
the  nitrite  is  produced. 

Potassium  nitrite  is  also  produced  by  strongly  heat- 
ing potassium  nitrate  which  decomposes  with  loss  of 
oxygen : — 

KN03-0  = KN02. 

Nitrogen  Dioxide  or  Nitric  Oxide;  NO.  Molecular 
weight,  30.  Density,  15. 

This  oxide  is  most  readily  produced  from  nitric  acid 
by  the  action  of  metallic  copper. 

Pieces  of  sheet  copper  are  placed  in  a flask,  fitted  with 
thistle  funnel  and  delivery  tube  (fig.  i),  and  nitric  acid, 
previously  mixed  with  an  equal  volume  of  water,  poured 
upon  the  metal.  A very  gentle  heat  may  be  necessary 
to  start  the  action ; the  gas  which  comes  off  can  be 
collected  over  the  water. 

The  equation  for  the  reaction  is — 

3 Cu  + 8HNO3  = 3 CuNgOfi  + 4H2O  + 2NO. 

Copper  and  nitric  acid  produce  copper  nitrate,  water, 
and  nitric  oxide.  The  gas  is  not  pure  but  contains 
nitrous  oxide  as  well  as  free  nitrogen. 

Nitric  oxide  is  a colourless  gas,  almost  as  difficult  to 
liquefy  as  oxygen  or  nitrogen.  It  is  neutral  to  test- 
paper,  but  on  exposure  to  air  combines  with  free  oxygen, 
forming  red  fumes  which  dissolve  in  water  with  an  acid 
reaction.  The  density  of  the  gas  is  i 5j  a-iid  it  contains 
equal  volumes  of  nitrogen  and  oxygen. 

This  is  proved  by  the  observation  that  if  iron  or  tin 
' be  strongly  heated  in  the  gas,  an  oxide  is  formed  and 
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the  residue  of  nitrogen  left  is  one-half  the  volume  of  gas 
originally  taken. 

The  following  experiments  may  be  made  with  samples 
of  the  gas  : — 

(1)  A jar  is  half  filled  with  oxygen  in  the  pneumatic 
trough  and  nitric  oxide  added  little  by  little.  As  the 
gases  mix  red  fumes  form  (NgOJ,  but  soon  dissolve  in 
the  water  forming  nitric  and  nitrous  acids. 

(2)  A similar  experiment  can  be  performed  with  air. 
A tube  is  taken  graduated  or  divided  into  ten  equal 
parts : five  volumes  of  air  are  passed  in,  and  then  by 
degrees  two  volumes  of  nitric  oxide  added.  The  free 
oxygen  uniting  with  nitric  oxide,  forms  the  peroxide 
which  dissolves  in  the  water  ; and  finally volumes  of 
nitrogen  are  left.  The  experiment  thus  serves  as  a rough 
method  for  the  analysis  of  air  and  was  used  by  Cavendish 
for  that  purpose. 

(3)  Nitric  oxide  will  support  the  combustion  of  many 
bodies  if  ,the  temperature  be  sufficiently  high  to  decom- 
pose the  gas.  Thus  if  the  gas  be  tested  with  a taper  just 
lit,  the  taper  will  not  burn,  but  a taper  burning  briskly 
will  burn  more  brightly  still  if  the  gas  contain  a little 
monoxide  (N2O).  Sulphur  and  phosphorus  if  plunged 
into  a jar  of  nitric  oxide  while  feebly  burning  are  ex- 
tinguished, but  in  full  combustion  the  latter  will  burn 
almost  as  brightly  as  in  oxygen. 

(4)  Pour  a few  drops  of  carbon  disulphide  into  a jar 
of  the  gas  and  shake  the  mixture.  If  a light  is  applied 
to  the  mouth  of  the  jar,  a dazzling  flash  of  flame  is 
produced. 

(5)  Pour  a little  solution  of  iron  protosulphate  into  a 
jar  of  the  gas ; the  nitric  oxide  will  dissolve  forming 
a dark  coloured  solution : this  fact  is  used  as  a test  for 
nitrates  as  follows  : — 
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A few  fragments  of  nitre  are  placed  in  a test-tube 
and  moistened  with  water,  a little  strong  sulphuric  acid 
is  added,  and  a solution  of  ferrous  sulphate  slowly 
poured  into  the  test-tube,  which  is  held  in  a slanting 
position.  If  the  iron  solution  is  carefully  added  it  will 
float  on  the  top  of  the  denser  acid,  and  at  the  line  of 
junction  a brown  ring  will  form. 

The  chemical  change  is  thus  represented  : — 

6 FeSO,  + 5 H2SO4  + 2 KNO3  = 3 Fe.2  (SOJ  3 + 2 KHSO4  + 2 NO  + 4 H.p. 

Ferrous  sulphate,  sulphuric  acid,  and  potassium  nitrate, 
form  ferric  sulphate,  potassium  sulphate,  nitric  oxide, 
and  water.  The  nitric  oxide  dissolving  in  the  iron 
solution  produces  the  brown  colour. 

Nitrogen  Protoxide.  Nitrous  Oxide.  Laughing  Gas;  NgO. 

Molecular  weight,  44.  Density,  22. 

This  gas  is  usually  prepared  by  heating  ammonium 
nitrate,  but  may  also  be  obtained  by  the  reduction  of 
nitric  acid,  by  zinc  or  other  metals. 

Thirty  or  forty  grammes  of  dry  ammonium  nitrate 
are  placed  in  a retort  and  gradually  heated.  The  salt 
first  fuses,  and  soon  begins  to  decompose,  giving  off 
bubbles  of  gas  ; a gentle  heat  only  should  be  applied,  or 
the  decomposition  may  take  place  too  rapidly  and  even 
explosively.  The  equation  for  the  change  is — 

NH,N03  = N20  + 2H20. 

Steam  and  nitrous  oxide  being  the  products. 

The  gas  can  be  collected  over  warm  water ; in  which 
it  is  somewhat  soluble,  but  to  a less  extent  than  in 
cold  water. 

Nitrous  oxide  is  a colourless  gas  with  a slightly  sweet 
taste  and  smell.  If  breathed  in  small  quantity  mixed 
with  air  it  produces  a transient  intoxication,  whence  its 
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name  ‘ laughing  gas/  but  the  pure  gas  when  inhaled 
quickly  produces  complete  insensibility.  On  account  of 
this  property  it  is  used,  especially  by  dentists,  as  an 
anaesthetic.  The  gas  does  not  affect  litmus,  having  no 
acid  properties  ; it  does  not  form  red  fumes  with  oxygen 
or  air,  thus  differing  from  nitric  oxide.  It  is  a good 
supporter  of  combustion,  but  the  combustible  substance 
needs  to  be  burning  briskly  when  brought  into  the  gas, 
and  at  a temperature  sufficiently  high  to  decompose  it, 
setting  free  the  oxygen. 

For  example,  a glowing  splinter  of  wood  kindles  and 
burns  brightly  in  the  gas.  Let  a fragment  of  sulphur 
in  a spoon  be  ignited  and  brought  into  the  gas,  it  is  ex- 
tinguished ; but  if  strongly  heated  and  again  plunged  in 
it  burns  vividly.  A similar  experiment  can  be  tried 
with  phosphorus. 

The  composition  of  nitrous  oxide  is  shown  by  ex- 
ploding a mixture  of  the  gas  with  hydrogen  in  the 
eudiometer  ; a quantity  of  nitrogen  equal  in  volume  to 
the  original  gas  is  left. 

N2O  + Hg  = HgO  + Ng. 

Two  volumes  of  nitrous  oxide  with  two  volumes  of 
hydrogen  leave  two  volumes  of  nitrogen.  At  a red  heat, 
900°  C.,  two  volumes  of  nitrous  oxide  yield  two  volumes 
of  nitrogen  and  one  volume  of  oxygen.  Its  density  is 
and  its  molecular  weight  44. 

[N2O  = 28  + 16  = 44.] 

Hyponitrites.  A nitrite  or  nitrate  reduced  by  sodium 
amalgam  yields  a solution  containing  a hyponitrite. 
The  sodium  salt  NaNO  and  the  silver  salt  AgNO  are 
known,  and  the  acid  has  recently  been  isolated. 

Hydroxylamine,  NHg,  OH. 

This  body  is  obtained  by  the  reduction  of  nitrates, 
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nitrites,  and  nitric  oxide,  etc.  by  the  agency  of  hydrogen, 
which  is  generated  for  this  purpose  by  the  action  of  tin 
on  hydrochloric  acid. 

The  pure  base  is  a crystalline  deliquescent  solid, 
without  odour,  and  very  soluble  in  water.  It  melts 
at  33°C.,  and  can  be  distilled  under  reduced  pressure,  but 
explodes  if  suddenly  heated.  It  combines  with  acids, 
forming  crystallizable  salts  ; with  hydrochloric  acid  it 
forms  NH^OH  . HCl.  It  has  a powerful  reducing  action 
on  many  metallic  oxides  and  salts. 

Diamine  or  Hydrazine,  N^H^ ; NHg,  NHg. 

This  interesting  compound  is  a volatile  liquid,  with 
a peculiar  odour,  but  scarcely  like  ammonia ; when  the 
vapour  is  breathed  it  powerfully  affects  the  nose  and 
throat.  It  is  very  soluble  in  water,  turns  red  litmus 
paper  blue,  and  the  solution  reduces  silver  and  copper 
salts  to  the  metallic  state.  Diamine  is  a strongly  basic 
substance  and  forms  well-defined  crystalline  salts.  The 
sulphate  has  the  composition  H^S04,  and  the 

hydrochlorate  NgH^,  2 HCl.  A stable  hydrate  NgH^, 
H^O  is  also  known  which  boils  at  73^0.  under  diminished 
pressure  ( 1 22  mm.). 

Azoimide  or  Hydrazoic  Acid,  N3H. 

When  hydrazine  or  an  organic  derivative  is  treated 
with  nitrous  acid  this  remarkable  acid  is  produced.  It 
is  a volatile  liquid,  with  a nauseous  odour,  and  is 
poisonous.  The  silver  salt  is  NgAg,  and  by  direct  union 
of  the  acid  with  ammonia  the  ammonium  salt  is 

formed  and  the  hydrazine  salt  N5H5  is  similarly  obtained. 
The  acid  and  its -salts  explode  on  heating. 
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Phosphorus  ; P.  Atomic  weight,  31. 

Molecular  weight,  124  = P4. 

Phosphorus  is  one  of  the  elements  never  found  free  in 
nature ; but  in  the  form  of  phosphate  it  is  widely  dis- 
tributed and  occurs  in  most  soils.  The  chief  minerals 
containing  it  are  phosphorite,  apatite,  and  coprolites. 
Being  a necessary  constituent  of  plants  and  essential  to 
their  growth,  it  is  taken  up  by  them  and  accumulated 
chiefly  in  the  seeds.  Animals  in  turn  use  phosphorus 
thus  stored,  and  it  appears  in  their  blood,  brain,  and 
many  tissues,  and  especially  in  the  bones,  the  earthy 
portion  of  which  consists  very  largely  of  calcium  phos- 
phate. 

The  element  phosphorus  is  manufactured  from  calcium 
phosphate — bone  ash,  or  some  mineral  form  of  the  same 
substance.  The  first  stage  in  the  operation  results  in  the 
production  of  phosphoric  acid.  The  calcium  phosphate 
is  treated  with  sulphuric  acid  in  excess,  whereby  most 
of  the  calcium  is  converted  into  sulphate  and  solution 
of  phosphoric  acid  obtained.  The  change  is  thus  ex- 

Ca3P20g  + 3H2S04  = 3CaS04  + 2H3PO4. 

The  liquid  is  filtered  from  the  calcium  sulphate,  evapo- 
rated to  a syrup,  mixed  with  charcoal  powder,  dried, 
and  finally  strongly  heated  to  drive  off  water.  The  effect 
of  the  heat  is  to  convert  the  ortho-phosphoric  acid  into 
meta-phosphoric  acid. 

HgP04-H20  = HP03. 
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The  next  stage  of  the  process  consists  in  the  reduction 
of  the  phosphoric  acid  to  phosphorus  by  means  of  carbon. 

The  mixture  of  meta-phosphoric  acid  with  carbon  is 
placed  in  a retort  fixed  in  a furnace  and  brought  to  a 
bright  red  heat,  when  the  phosphorus  is  set  free,  and 
passing  over  in  vapour  is  received  in  water,  the  gaseous 
carbonic  oxide  being  allowed  to  escape.  This  change  is 
as  follows: — 

2HPO3+  5C  ==  P2  + HgO  + 5 CO. 

The  manufacture  of  phosphorus  is  a difficult  and 
dangerous  operation  to  carry  out,  on  account  of  the  in- 
fiammable  character  of  the  element. 

The  crude  phosphorus  is  remelted  and  purified,  and 
usually  cast  into  the  form  of  sticks. 

Common  phosphorus  is  a waxy  solid,  soft  enough  to 
be  cut  with  a knife,  but  becoming  brittle  and  crystalline 
at  low  temperatures.  It  inflames  with  great  readiness, 
and  will  take  fire  if  left  exposed  to  the  air.  Burns  on 
the  skin  made  by  phosphorus  are  very  painful  and  diffi- 
cult to  heal,  and  great  caution  ought  always  to  be  used 
in  making  experiments  with  phosphorus.  It  should  be 
kept  in  water,  and  always  cut  beneath  the  surface  of 
water,  and  should  not  be  handled  with  the  fingers. 

At  a temperature  of  44°  phosphorus  melts  into  a 
transparent  liquid  with  a very  ^slight  tinge  of  yellow  : it 
solidifies  to  a transparent  waxy  solid,  but  after  exposure 
to  light  the  surface  becomes  coated  with  an  opaque  film 
of  amorphous  phosphorus,  which  darkens  gradually  until 
it  becomes  almost  black.  Waxy  phosphorus  will  dis- 
solve in  turpentine,  and  to  a certain  extent  in  some  oils : 
it  is  freely  soluble  in  carbon-disulphide,  but  the  solution 
if  exposed  to  light  becomes  turbid  and  deposits  amorphous 
phosphorus. 

Beautiful  crystals  of  phosphorus  may  be  obtained  by 
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slow  evaporation  in  the  dark  in  a vacuous  tube.  A 
piece  of  dry  phosphorus  is  placed  in  a glass  tube,  which, 
after  being  exhausted  of  air  by  a Sprengel  pump,  is 
sealed;  and  if  the  tube  be  kept  in  the  dark  for  some 
time,  a number  of  brilliant  glittering  crystals  will  be 
found  adhering  to  the  sides.  The  crystals  will  keep  their 
beauty  and  transparency  unless  exposed  to  light. 

The  density  of  ordinary  phospjiorus  is  i*8  : it  boils 
at  29o°C.,  and  its  vapour  density  is  62.  The  molecular 
weight  therefore  is  124  = ? 4. 

Allotropic  Forms. 

Ordinary  waxy  phosphorus  readily  alters  by  light  or 
heat  into  amorphous  or  red  phosphorus,  which  differs  from 
it  in  many  important  characters.  If  a stick  of  phos- 
phorus sealed  in  a glass  tube  is  heated  to  a temperature  of 
about  250°,  it  changes  very  gradually  into  the  red  variety, 
becoming  more  opaque  as  the  change  proceeds,  until 
finally  it  is  converted  into  a hard  red  mass.  There  is  no 
change  of  weight  in  the  operation,  but  the  transformation 

is  attended  with  an  evolution  of  heat.  The  red  varietv 

%/ 

is  even  more  easily  produced  by  heating  phosphorus  with 
a little  iodine.  In  sealed  tubes  red  phosphorus  can  be 
heated  to  a very  high  temperature,  500°,  and  sublimed 
without  fusion  (changing into  a third  crystalline  variety), 
but  if  heated  to  260°  in  contact  with  air  it  passes  sud- 
denly into  the  ordinary  form  and  takes  fire.  The  den- 
sity of  red  phosphorus  is  2-i,  and  that  of  the  crystalline 
form  is  2*4. 

Amorphous  phosphorus  differs  from  the  ordinary  kind 
in  not  being  soluble  in  carbon  disulphide,  and  much 
more  difficult  to  oxidise.  It  is  not  poisonous,  whereas 
ordinary  phosphorus  is  an  active  and  violent  poison. 

Phosphorus  is  largely  used  for  the  manufacture  of 
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lucifer  matches.  In  the  older  kinds  of  matches  the  com- 
position used  for  tipping  contains  ordinary  phosphorus^ 
but  in  the  so-called  ‘ safety  matches  ’ the  composition 
on  the  tips  contains  no  phosphorus,  but  a paste  contain- 
ing red  phosphorus  is  on  the  box,  and  on  this  they  ignite 
by  gentle  friction. 

Heat  of  Combustionc  The  great  energy  with  which 
phosphorus  burns  in  oxygen  is  shown  by  the  large 
amount  of  heat  produced : — 

I gramme  of  phosphorus  in  oxygen  gives  5868  c. 
i.  e.  I atom  of  phosphorus  in  oxygen  (or  31  grammes  of  P.  with 
40  grammes  of  0.)  gives  181,900  c. 

The  combustion  in  chlorine  gives  the  values, 

P 4-  CI3  Phosphorous  trichloride,  75,800  c. 

P + CI5  Phosphorous  pentachloride,  107,800  c- 

The  principal  compounds  of  phosphorus  are  shown  in 
the  following  table  : — 

P2O3,  P2O4,  P2O5,  oxides 

PCI3,  PCI5  chlorides. 

HgP,  phosphine  or  phosphuretted  hydrogen. 

H3PO,  phosphamine  ? unknown. 

H3PO2,  hypophosphorous  acid. 

H3PO3,  phosphorous  acid. 

H3PO4,  phosphoric  acid. 


Oxides  of  Phosphorus. 

Phosphorus  burns  readily  in  air  or  oxygen,  and  pro- 
vided sufficient  oxygen  is  supplied  forms  the  pentoxide, 
Pg  O5.  At  ordinary  temperatures  phosphorus  oxidizes 
slowly,  appearing  luminous  in  the  dark.  When,  how- 
ever, the  phosphorus  is  burnt  with  a deficiency  of  oxygen 
lower  oxides  P^  O,  P^  O3,  P2  O4  are  obtained. 

Phosphorus  Pentoxide,  P^  O5,  is  a white  powder  formed 
by  burning  phosphorus  in  excess  of  air  or  oxygen.  It 
combines  eagerly  with  water  to  form  phosphoric  acid; 
and  on  account  of  its  great  affinity  for  water  is  a powerful 
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drying  agent:  and  it  is  especially  useful  for  drying  gases 
when  the  last  traces  of  moisture  have  to  be  absorbed. 

P2O5  + 3H2O  = 2H3PO4. 

Phosphor  us  pentoxide  with  water  forms  phosphoric  acid. 
Phosphorus  trioxide,  Pg  O3,  is  obtained  as  a white 
powder  by  burning  phosphorus  in  a glass  tube  through 
which  air  is  slowly  passed  from  an  aspirator.  It  is  never 
pure,  but  contains  pentoxide  in  admixture.  With  water 
it  forms  phosphorous  acid. 

P2O3  + 3H2O  = 2H3PO3. 

If  the  product  obtained  as  above  described  is  heated  in 
a vacuous  tube  the  trioxide  appears  to  decompose  into 
sub-oxide  and  tetroxide. 

7P203  = P40  + 5P204. 

Chlorides  of  Phosphorus ; PCl3,PClg. 

It  has  been  shown  that  phosphorus  will  burn  in  a 
jar  of  chlorine  gas.  The  product  of  the  combustion  is 


Fig.  46. 


pentachloride,  PCI5,  when  an  excess  of  chlorine  is  used, 
or  trichloride,  PCI3,  with  a deficiency  of  chlorine. 

To  prepare  these  compounds,  phosphorus  is  placed  in 
a retort  connected  with  a cooled  receiver  and  a stream  of 
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chlorine  passed  into  the  apparatus;  the  retort  is  bedded 
, in  sand  and  kept  heated  (fig.  46).  The  trichloride  of 
phosphorus  which  is  first  formed  passes  on  and  con- 
denses as  a liquid  in  the  receiver.  When  all  the  phos- 
! phorus  is  converted  into  trichloride  the  liquid  can  be 
. poured  back  into  the  retort,  and  by  keeping  up  the  cur- 
, rent  of  chlorine  it  becomes  converted  into  the  solid 
pentachloride. 

(i)  P + CI3  = PCI3. 

(ii)  PCl3  + Cl2  = PCl5. 

The  preparation  of  these  bodies  is  troublesome  and  un- 
pleasant, on  account  of  the  irritating  characters  of  the 
compounds  themselves  as  well  as  those  of  the  chlorine 
employed  in  their  production. 

Phosphorus  pentachloride  (PCI5)  is  a crystalline  solid 
of  a pale  yellow  colour.  It  can  be  sublimed  at  100°,  but 
at  a somewhat  higher  temperature,  1 50°,  begins  to  break 
up  into  trichloride  and  free  chlorine.  The  dissociation  is 
complete  at  about  340°.  It  fumes  unpleasantly  in  moist 
air,  giving  off  clouds  of  hydrochloric  acid,  and  is  very 
rapidly  decomposed  by  water.  With  a little  water 
phosphorus  oxychloride  is  formed  thus, — 

PCI5  + H2O  = PO . CI3  + 2HCI ; 

but  an  excess  of  water  converts  it  entirely  into  phos- 
phoric acid. 

PCl5-j-4H20  = PO  (0H)3+  5HCI. 

Not  only  does  phosphorus  pentachloride  react  with 
water  in  this  manner,  but  similar  reactions  take  place 
with  a large  number  of  other  bodies,  and  this  compound 
is  frequently  used  for  the  purpose  of  replacing  the  group 
(0  H)  ‘ hydroxyl  ’ by  chlorine.  The  following  examples 
will  show  the  action  : — 


SO2  (0H)2  + pci,  = SO2  (OH)  Cl  + HCl  + POCI3. 
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With  sulphuric  acid,  chlorosulphuric  acid  is  produced 
together  with  hydrogen  chloride  and  phosphorus  oxy- 
chloride. 

C2H5  (OH)  + PCI5  = C2H5CI  + HCl  + POCI3. 

Alcohol  (ethyl  hydrate)  is  converted  into  ethyl  chloride. 

(C2H3O)  OH  + PCI5  = (C2H3O)  Cl  + HCl  + POCI3. 

Acetic  acid  yields  acetyl  chloride,  etc. 

Phosphorus  trichloride,  PCI3.  The  trichloride  is  a 
liquid  boiling  without  decomposition  at  76°.  It  fumes  in 
moist  air,  and  with  water  decomposes,  forming  phos- 
phorous acid. 

PCI3+3H2O  = P(0H)3+  3HCI. 

Its  vapour  density  is  68-75,  and  molecular  weight  137-5  = 

PCI3. 

The  vapour  density  of  the  pentachloride  is  abnormal 
on  account  of  a dissociation  of  the  compound  by  heating 
into  trichloride  and  free  chlorine.  The  theoretical  num- 
ber for  the  molecule  PCI5  is  104-2,  but  by  experiment  the 
actual  density  is  found  to  be  52  at  340°,  increasing  to  72 
at  180°.  The  splitting  up  is  apparently  complete  at  the 
higher  temperature,  but  partial  only  at  the  lower.  It 
has  however  been  found  that  the  decomposition  is  re- 
duced to  a minimum  in  an  excess  of  chlorine ; and 
determinations  of  the  vapour  density  of  phosphorus 
pentachloride  volatilised  in  a globe  previously  filled  with 
chlorine  give  values  agreeing  approximately  with  the 
formula  PCI5. 

Phosphorus  also  forms  compounds  with  bromine,  iodine 
and  fluorine  ; PB13  PBr^  ; PI3  P2I4  ; PF5. 

Phosphoric  Acid.  H3  PO4. 

Phosphoric  acid  may  be  obtained  from  phosphorus  (i) 
by  burning  it  and  causing  the  pentoxide  to  unite  with 
water,  or  (2)  by  heating  phosphorus  with  diluted  nitric 


Phosphoric  Acid.  119 

acid  until  it  dissolves,  and  evaporating  the  liquid  to  a 
syrup.  The  excess  of  nitric  acid  is  expelled  and  the  pure 
acid  left. 

For  commercial  purposes,  however,  phosphoric  acid  is 
prepared  directly  from  bone  ash  by  the  action  of  sul- 
phuric acid,  as  in  the  first  step  towards  the  production  of 
phosphorus.  Finely  ground  hone  ash  (Ca.^P^Og)  is  treated 
with  sulphuric  acid ; the  calcium  is  separated  in  part  as 
gypsum  (calcium  sulphate),  and  the  acid  liquid  so  ob- 
tained is  concentrated  to  a small  bulk.  A further 
addition  of  sulphuric  acid  is  made,  which  precipitates 
more  calcium  sulphate ; and  the  acid  liquid,  after  filtra- 
tion, again  concentrated,  and  finally  heated  to  expel 
excess  of  sulphuric  acid.  If  necessary,  the  treatment 
with  sulphuric  is  repeated  a third  time,  to  remove  the  last 
traces  of  calcium. 

A solution  of  phosphoric  acid  after  evaporation  yields 
a syrupy  acid  liquid,  which  after  a time  will  crystallise. 
This  acid  is  called  orthophosphoric.  By  heating,  it  loses 
water ; two  distinct  products  are  obtained ; first  at 
213° — 

2H3P0,-H20  = H,P20„ 

pyrophosphoric  acid  is  formed,  while  at  a red-heat 
another  molecule  of  water  is  lost : — 

H,P207-H,0  = 2HP03. 

Or 

H3PO4  -H20  = HP03. 

This  compound  is  called  metaphosphoric  acid,  and 
cannot  be  further  dehydrated  by  heat. 

It  is  evident  that  the  three  acids  are  compounds  of 
the  pentoxide  (phosphoric  anhydride)  with  varying 
amounts  of  water. 

P2O5+  3H2O  = 2H3PO4  ortho-phosphoric  acid. 

P2O5  + 2H,0  = H4P2O7  pyro-phosphoric  acid. 

P2O5+  H2O  = 2HPO3  meta-phosphoric  acid. 


1 20  Phosphates. 

We  have  seen  that  by  loss  of  water  one  can  be  pro- 
duced from  the  other ; so  by  the  addition  of  water  to  the 
lower  hydrates,  orthophosphoric  acid  may  be  produced. 

Orthophosphoric  acid  is  a strong  acid,  with  a very  sour 
taste,  and  in  combination  with  metals  forms  a large 
number  of  salts.  With  sodium,  for  example,  it  forms 
three  compounds,  containing  one,  two,  or  three  atoms  of 
metal  to  one  of  phosphorus  and  three  of  oxygen  in 
each. 

H3PO4,  oiiho-phosphoric  acid. 

NaH2P04,  monosodiumpliospliate,  or  acid  phosphate. 

Na2HP04,  disodium  phosphate,  or  neutral  phosphate. 

Na3P04,  trisodium  phosphate,  or  basic  phosphate. 

The  first  compound  has  an  acid  reaction ; the  second  is 
neutral,  and  is,  in  fact,  the  common  sodium  phosphate 
used  as  a reagent  in  the  laboratory ; the  third  is  an 
alkaline  body. 

Some  other  phosphates  of  importance  are — 

NaNH4HP04,  sodium  ammonium  phosphate,  microcosmic  salt. 

MgNH4P04,  magnesium  ammonium  phosphate. 

Ag3P04,  yellow  phosphate  of  silver. 

CagPgOg,  tricalcium  phosphate. 

CaH4P20g,  monocalcium  phosphate,  or  ‘ supei*phosphate.’ 

Microcosmic  salt  is  obtained  by  dissolving  equivalent 
quantities  of  disodium  phosphate  and  ammonium  chloride, 
and  crystallising. 

NaiiHP04  + NH4Cl  = NH4NaHP04  + NaCl. 

Or  by  mixing  diammonium  phosphate  with  disodium 
phosphate.  It  decomposes  by  heating,  leaving  a glassy 
mass  of  sodium  metaphosphate. 

NaNH4HP04  = NaP03  + NH3  + H20. 

Ordinary  sodium  phosphate  (rhombic  phosphate)  is 
made  by  adding  caustic  soda  or  sodium  carbonate  to 
phosphoric  acid  from  bone  ash,  until  the  liquid  is 
slightly  alkaline  and  crystallising.  The  crystals  contain 
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Na2HP04,  12H2O.  When  heated  to  redness,  sodium 
pyrophosphate  remains. 

2Na2HP04  = Na4P207  + H20. 

Magnesium  ammonium  phosphate,  MgNH^  PO4  6 HgO, 
is  a crystalline  precipitate,  obtained  by  adding  sodium 
phosphate  to  a solution  of  magnesium  salt  containing 
ammonia ; the  formation  of  this  precipitate  is  one  of  the 
tests  for  phosphoric  acid  or  for  magnesium. 

Silver  phosphate,  AgyPO^,  is  a yellow  precipitate  pro- 
duced when  sodium  phosphate  and  silver  nitrate  solution 
are  mixed ; and  as  some  nitric  acid  is  formed  the  liquid 
becomes  acid  : — 

Na2HP04  + 3AgN03  = Ag3P04  + 2NaN03  + HN03. 

Tricalcium  phosphate,  or  bone  ash,  is  Ca3P208 ; it 
constitutes  a large  part  of  the  earthy  matter  of  bone,  and 
is  found  in  nature,  in  apatite,  in  coprolites,  etc.  It  is 
useful  as  food  for  plants,  but  more  so  if  treated  with 
sulphuric  acid  to  render  the  phosphoric  acid  soluble. 

Ca3P208  + 2H2S04  = CaH4P2  08-i-2CaS04. 

By  the  addition  of  the  right  amount  of  sulphuric  acid  a 
monocalcium  phosphate  is  produced,  soluble  in  water,  and 
therefore  more  readily  available  for  use  by  plants.  The 
product  containing  soluble  phosphate  and  calcium  sul- 
phate is  known  as  ‘superphosphate,’  and  used  as  a 
fertiliser. 

Phosphorous  acid;  H3PO3. 

This  acid  is  formed  (i)  by  dissolving  the  anhydride 
(PgOg)  in  water : 

P2O3  + 3H2O  = 2H3PO3. 

(2)  By  decomposing  trichloride  of  phosphorus  by  water : 

PCl3  + 3H20  = H3P03  + 3HCl. 

(3)  By  allowing  phosphorus  slowly  to  oxidise  in  moist 
air. 
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Hypophospliorous  Acid. 

Sticks  of  phosphorus  are  placed  in  test-tubes,  each 
having  a hole  at  the  bottom  ; the  tubes  are  supported  in 
a funnel  over  ajar,  and  the  whole  standing  in  a dish  of 
water  covered  with  an  open  bell-jar.  An  acid  liquid  is 
gradually  formed  as  the  sticks  of  phosphorus  oxidise  in 
the  moist  atmosphere.  The  solution  contains  phosphorous 
and  phosphoric  acids.  When  liquid  phosphorous  acid 
is  concentrated  to  a small  bulk,  it  forms  a syrup,  which 
can  be  crystallised,  although  with  some  difficulty.  Ey 
heating,  the  acid  decomposes,  thus  : — 

4H3PO3  = 3H3PO4  + PH3. 

Phosphoric  acid  and  phosphuretted  hydrogen  being 
formed.  With  alkalies  and  other  metallic  compounds 
phosphites  are  obtained.  All  phosphites  decompose  by 
heat,  yielding  phosphate,  and  sometimes  phosphuretted 
hydrogen,  or  free  hydrogen.  From  the  fact  that  the 
phosphites  absorb  oxygen  to  change  into  phosphates, 
they  act  generally  as  reducing  agents  in  metallic  solu- 
tions and  are  able  to  throw  down  silver,  mercury,  copper, 
etc.  in  the  metallic  state. 

Hj^ophosphorous  acid ; H3PO2. 

No  oxide  corresponding  to  this  acid  is  known,  and  the 
acid  is  obtained  from  a salt : — 

CaH.PaO.  + HaSO^  = CaSO^  + 2H3PO2. 

Thus,  when  calcium  hypophosphite  is  treated  with  sul- 
phuric acid,  insoluble  calcium  sulphate  is  formed,  and  a 
solution  of  hypophospliorous  acid.  By  cautious  evapora- 
tion the  acid  may  be  obtained  as  a syrup  and  also  in 
crystals,  but  it  easily  breaks  up  on  heating  thus  : — 

2II3PO2  = H3P0,  + PH3. 

Phosphoric  acid  and  hydrogen  phosphide  are  obtained. 

Hypophosphites  may  be  prepared  by  neutralising 


Phosphine.  1 2 3 

: hypophosphorous  acid  with  alkaline  solutions  ; but  are 

: preferably  made  by  boiling  phosphorus  itself  in  solutions 

- of  potash,  barium  hydrate,  etc.,  as  in  the  method  for 

r making  hydrogen  phosphide : — 


3KHO  + P4  + 3H2O  = 3KH2PO2  + PH3. 

j A solution  of  hypophosphite  is  obtained,  from  which  the 
I salt  can  be  separated  by  evaporation.  Hypophosphites, 
when  heated,  break  up  into  phosphate  and  hydrogen 
phosphide,  and  from  their  capacity  for  taking  up  more 
oxygen,  are  used  as  reducing  agents. 

Phosphamine,  H3PO,  or  hydroxyl  phosphine,  is  un- 
known, but  an  ethyl  compound  of  analogous  composi- 
tion has  been  made  (C2H5)3PO. 

Phosphine,  or  phosphuretted  hydrogen,  PH3,  is  ob- 
tained by  several  reactions  already  mentioned.  ( i ) from 
phosphorous  acid  and  some  phosphites ; (2)  from  hypo- 
phosphorous  acid  and  hypophosphites  ; (3)  by  action  of 
phosphorus  on  alkaline  solutions. 

3KHO  + P4  + 3H2O  = 3KH2PO2  + PH3. 


Phosphine  is  a gas,  and,  when  prepared /by  the  third 
method,  takes  fire  spon- 
taneously in  the  air  (fig. 

47),  owing  to  an  admix- 
ture of  traces  of  the 
liquid  phosphide,  PgH^. 

It  has  an  unpleasant 
smell,  ‘ancient  and  fish- 
like,’  and  is  slightly 
soluble  in  water.  Phosphine  has  slight  basic  characters, 
as  it  combines  with  gaseous  hydrogen  iodide,  forming 
crystals  of  ‘ phosphonium  ’ iodide,  PH4I,  but  the  com- 
pound is  decomposed  by  water  into  the  constituents 
from  which  it  is  formed.  It  also  unites  with  gaseous 


Fig-  47- 


1 24  Phosphine. 

hydrogen  chloride  under  pressure.  Chlorine,  bromine, 
and  iodine  all  decompose  phosphine  by  uniting  with  the 
hydrogen;  and,  like  ammonia,  it  forms  crystalline  solid 
compounds  with  tin  tetrachloride  (SnCl4)  and  some  other 
metallic  chlorides. 

The  alcoholic  organic  representatives  of  this  body, 
tri-ethyl  phosphine  P(C2H5)3  and  P(C2H5)40H  tetrethyl 
phosphonium  hydrate,  corresponding  to  NHgand  NH4OH, 
are  strongly  alkaline  ; a solution  of  the  latter  phos- 
phonium derivative,  behaves  almost  like  caustic  potash. 

From  more  recent  determinations  of  the  vapour  den- 
sities of  the  oxides  of  phosphorus  at  high  temperatures 
it  appears  that  their  molecules  are  best  represented  by 
the  formulae  P4  0g  and  P4O1Q. 

At  very  high  temperatures  the  vapour  of  phosphorus 
is  partially  broken  up  into  simpler  molecules.  (See  note, 
P-  I49-) 


CHAPTEE  XII. 


Oxidised  compounds  of  Chlorine,  Bromine,  Iodine. 


The  haloofen  elements  form  various  oxides  which,  in 
combination  with  water,  yield  acids,  or  in  combination 
with  bases  yield  salts.  The  following  table  shows  the 
oxides  and  oxyacids  derived  from  chlorine  : — 


CI2  chlorine. 

chlorine  monoxide, 
chlorine  sesquioxide. 
[Cl^OJ  CIO2  chlorine  peroxide. 

[CI2OJ?  

[CbOd?  


ChO 
CbO 


HCIO  hypochlorous  acid. 
HCIO2  chlorous  acid. 


HCIO3  chloric  acid. 
HCIO4  perchloric  acid. 


Oxides  of  Chlorine. 

The  oxides  of  chlorine  are  yellowish  gases  with  a 
peculiar  odour  somewhat  resembling  that  of  the  element ; 
they  are  condensable  by  cold  to  the  liquid  state,  but  on 
heating  they  explode,  and  decompose  into  mixtures  of 
free  oxygen  and  chlorine,  at  the  same  time  the  yellow 
tint  changes  into  the  slightly  green  tint  of  diluted  chlorine. 
In  combination  with  water  they  produce  acid  liquids, 
which  have  powerful  oxidising  and  bleaching  characters. 
They  can  in  no  instance  be  obtained  by  the  direct  union 
of  oxygen  gas  with  chlorine. 

Chlorine  protoxide,  Clg  O,  is  formed  either  by  dehy- 
dration of  hypochlorous  acid,  or  by  passing  chlorine  over 
mercuric  oxide  kept  very  cold  : — 

2HCIO-H2O  = CI2O. 

HgO  + 2Cl2  = HgCl2  + CL20. 


Chlorine  Oxides. 
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With  water  this  oxide  forms  hypochlorous  acid,  and 
with  caustic  alkaline  solutions  yields  hypochlorites. 

Chlorous  anhydride.  Chlorine  sesquioxide;  CI2O3. 

This  very  unstable  body  is  obtained  by  reducing  chloric 
acid 2HC103  + N203  = CI2O3  + 2HNO3. 

A mixture  of  potassium  chlorate,  nitric  acid  and  arsenic 
trioxide  is  very  gently  heated : the  arsenic  oxide  first 
reduces  nitric  acid,  and  the  nitrogen  trioxide  thus  formed 
further  acts  on  the  chlorate.  The  oxide  is  a yellow 
explosive  gas,  soluble  in  water,  forming  chlorous  acid ; 
which  combines  with  alkalies  to  form  chlorites.  [It  has 
been  asserted  that  this  gas  is  a mixture,  but  the  evidence 
is  not  conclusive.] 

Chlorine  peroxide;  CIO2.  Vapour  density,  33-65. 

Peroxide  of  chlorine  is  liberated  as  a yellow  gas  when 
a chlorate  is  acted  upon  by  an  acid,  e.  g.  sulphuric,  hy- 
drochloric or  oxalic  acid.  It  appears  to  result  from  the 
decomposition  of  chloric  acid,  thus : — 

(i)  KC103  + H.S04  = HC103  + KHS04. 

(ii)  3HC103  = HCIO4  + 2CI62  + H2O. 

Chlorine  peroxide  is  formed  while  part  of  the  chloric 
acid  is  oxidised  to  perchloric  acid.  The  following  ex- 
periments will  show  the  characters  of  the  gas,  but  on 
account  of  its  explosive  character  only  small  quantities 
of  material  should  be  used.  (1)  A few  ciystals  of  po- 
tassium chlorate  in  a test-tube  are  treated  with  strong 
sulphuric  acid  ; the  liquid  turns  yellow,  and  on  the  tube 
being  brought  into  a flame  a series  of  crackling  explo- 
sions may  be  produced.  Or  if  the  tube  (2)  containing 
the  mixture  is  placed  in  warm  water,  a yellowish  gas 
will  bo  given  off  and  fill  the  tube ; and  on  bringing  a 
hot  wire  into  the  gas  a loud  detonation  will  follow.  The 
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^ yellow  colour  disappears,  and  the  colour  of  the  liberated 

5 chlorine  mixed  with  oxygen  is  almost  invisible.  The 

j explosion  is  somewhat  violent,  and  sometimes,  but  not 
often,  breaks  the  tube.  With  water  or  alkalies  it  breaks 
up  into  chlorite  and  chlorate. 

Hypochlorous  acid  and  Hypochlorites. 

Hypochlorites  are  produced  by  the  action  of  chlorine 
on  cold  dilute  solutions  of  alkalies,  e.  g. 

2KOH  + CI2  = KCl  + KClO  + HoO. 

If  chlorine  is  passed  into  solution  of  caustic  potash,  a 
chloride  and  a hypochlorite  of  the  metal  are  formed.  If 
dilute  sulphuric  or  nitric  acid  be  added  to  the  liquid,  in 
quantity  sufficient  only  to  decompose  the  hypochlorite 
and  not  the  chloride,  an  aqueous  solution  of  hypo- 
chlorous  acid  is  obtained,  and  the  acid  can  be  distilled 
off  and  collected  in  a receiver  in  the  liquid  form. 

Hypochlorous  acid  has  a faint  odour  of  chlorine  oxide, 
and  is  an  energetic  oxidising  agent.  With  hydrochloric 
acid  it  gives  off  chlorine — 

HC10  + HCl  = H20  + Cl2. 

It  is  an  unstable  compound,  and  readily  decomposes, 
forming  chloric  acid,  chlorine,  and  oxygen ; solutions  of 
hypochlorites,  when  simply  boiled,  are  decomposed  into 
chlorate  and  chloride. 

3KC10  = 2KCI  + KCIO3. 

Chloric  acid  and  Chlorates. 

Alkaline  chlorates  are  obtained  by  the  decomposition 
of  hypochlorites  mentioned  above,  or  by  passing  chlorine 
into  a somewhat  strong  solution  of  alkali,  and  heating 
the  liquid : — 

6KOn  + Cle=  5KCI  + KCIO3  + 3H2O. 
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Chlorates. 


Chloride  and  chlorate  are  thus  obtained,  and  the  chlorate 
being  much  less  soluble,  is  separated  from  the  chloride 
by  crystallisation. 

Chloric  acid  may  be  obtained  by  acting  on  solution 
of  barium  chlorate  with  sulphuric  acid,  whereby  inso- 
luble barium  sulphate  is  precipitated  : — 

BaCbOe  + HaSO,  = 2HCIO3  + BaSO^. 

The  dilute  solution  of  the  acid  can  be  concentrated  to  a 
limited  extent,  but  beyond  a certain  point  it  decomposes 
into  perchloric  acid,  etc. 

Potassium  chlorate  is  generally  used  for  the  prepara- 
tion of  oxygen  gas,  and  for  many  operations  is  a useful 
oxidising  substance.  When  fused,  it  yields  oxygen,  and 
is  employed  in  the  preparation  of  manganates,  chromates, 
etc.  Mixed  with  organic  substances,  it  produces  very 
combustible  or  even  explosive  mixtures.  It  is  used  in 
the  composition  upon  the  tops  of  safety  matches,  and 
when  rubbed,  even  slightly,  upon  phosphorus,  ignition 
takes  place  (page  115)- 

If  a small  quantity  of  potassium  chlorate  be  mixed 
with  powdered  sugar,  and  a single  drop  of  sulphuric  acid 
is  brought  with  a glass  rod  upon  the  mass,  the  mixture 
instantly  takes  fire. 

If  a fragment  of  phosphorus,  with  a few  crystals  of 
chlorate,  be  dropped  into  a beaker  of  water,  and  a little 
strong  sulphuric  acid  slowly  poured  through  a thistle 
funnel  upon  the  mixture,  the  phosphorus  will  oxidise 
and  burn  under  water  with  flashes  of  light. 

All  chlorates  are  soluble  in  water,  and  accordingly  no 
precipitates  are  obtained  with  reagents  in  testing  for 
them.  They  may  be  recognised,  however,  by  the  evolu- 
tion of  oxygen  when  heated,  and  by  the  fact  that  the 
residue,  after  heating,  when  tested  with  silver  nitrate. 
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gives  a precipitate  of  silver  chloride.  Their  behaviour 
also  with  sulphuric  acid  is  very  characteristic. 

Perchloric  acid  and  perchlorates  : — 

These  are  the  most  stable  oxidised  compounds  of 
chlorine,  and  the  lower  members  of  the  series — hypo- 
chlorites, chlorites,  and  chlorates — have  a tendency  to 
pass  into  perchlorates,  under  suitable  conditions.  Let  a 
few  grammes  of  potassium  chlorate  be  heated  in  a hard 
glass  test-tube  ; at  first  the  salt  fuses  (at  334°),  and  (at 
354°)  gives  ofi*  oxygen  freely,  the  melted  salt  appearing 
as  if  boiling.  After  a time  the  salt  begins  to  solidify, 
and  can  hardly  be  kept  liquid.  This  is  due  to  the  fact 
that  perchlorate  is  formed  along  with  chloride,  and  both 
salts  fuse  at  a much  higher  temperature : the  perchlorate 
also  requires  a greater  heat  to  separate  its  oxygen. 

2KCIO3  = KCIO4  + KCI  + O2. 

The  chloride  and  perchlorate  can  be  separated  by  re- 
crystallisation (potassium  chloride  being  more  soluble), 
and  any  admixture  of  chlorate  decomposed  by  digesting 
with  hydrochloric  acid,  which  does  not  act  on  the  per- 
chlorate. It  has  already  been  mentioned  that  perchlorate 
is  obtained  by  the  action  of  strong  acids  on  chlorate  (see 
CIO2). 

To  separate  perchloric  acid,  the  crystallised  potassium 
perchlorate  is  mixed  in  a retort  with  excess  of  strong 
sulphuric  acid,  and  distilled  ; a fuming  colourless  acid 
liquid  condenses  in  the  receiver,  which  is  perchloric  acid, 
HCIO4.  It  is  a powerful  oxidising  agent,  and  sets  fire 
to  wood,  paper,  and  other  organic  substances ; when 
dropped  upon  charcoal  it  decomposes  with  a loud  ex- 
plosion. With  water  it  forms  crystals,  HgClO.^. 

It  is  found  that  pure  potassium  perchlorate,  when 
heated,  becomes  partially  reconverted  into  chlorate. 

K 
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Iodic  Acid. 


Bromine  oxides  and  acids  : — 

No  oxide  of  bromine  has  yet  been  obtained,  and  hypo- 
bromous  acid,  HBrO,  and  Bromic  acid,  HBrOg,  are  the 
only  acids  at  present  known:  they  are  analogous  to 
hypochlorous  and  chloric  acids.  Similarly,  the  hypo- 
bromites  and  bromates  resemble  the  corresponding 
chlorine  compounds  in  composition  and  general  chemical 
properties. 

Iodine  oxides  and  acids  : — 

The  affinity  of  iodine  for  oxygen  is  very  great,  and 
consequently  these  two  elements  form  compounds  of  a 
very  stable  character,  and  differing  in  a marked  way  from 
the  explosive  unstable  oxides  of  chlorine.  And  in  respect 
of  its  oxygen  compounds,  iodine  can  expel  chlorine, 
although  the  latter  element  has  a far  greater  affinity  for 
hydrogen  and  metals  (page  92). 

Iodic  acid,  HIO3,  is  formed  by  boiling  iodine  with 
nitric  acid,  and  thus  directly  oxidising  it ; or  by  passing 
excess  of  chlorine  into  water  containing  solid  iodine 
in  suspension  : — 

I4-CI5  + 3H2O  = HIO3  + 5HCI. 

(*cp.  PCI5  + 3H2O  = HPO3  + 5HCI.) 

Crystals  of  iodic  acid  are  obtained  by  evaporating  the 
solution  (after  removal  of  hydrogen  chloride);  and  by 
exposure  of  these  crystals  to  a temperature  of  200°  water 
is  given  off  and  Iodine  pentoxide,  kOg,  is  left.  This 
oxide,  when  strongly  heated,  is  decomposed  into  its 
component  elements. 

Iodine  trioxide,  I.^Og,  has  been  produced  by  oxidising 
the  vapour  of  iodine  by  means  of  ozone. 

Potassium  iodate  may  be  obtained  (i)  by  the  action  of 
iodine  upon  potash  solution : — 

6KOH  + 6I  = KIO3  + 5KI  + 3H2O. 


Periodic  Acid. 


This  method  resembles  the  formation  of  the  chlorate, 
except  that  no  lower  compound  corresponding  to  an 
hypochlorite  can  be  obtained. 

(ii)  By  the  action  of  iodine  with  chlorine  upon  potash 
solution  : — 

6KOH  + (I  + CI5)  = KIO3  + 5KCI  + 3H2O. 

The  iodine  is  dissolved  in  the  potash,  and  chlorine  gas 
passed  in;  no  chlorate  is  obtained,  as  the  affinity  of 
iodine  for  oxygen  is  stronger  than  that  of  chlorine. 

(iii)  By  decomposing  potassium  chlorate  with  iodine. 

2KCIO3  + I2  = 2KIO3  + CI2. 

(iv)  By  neutralising  iodic  acid  with  potassium  hydrate 
or  carbonate. 

lodates  break  up  if  strongly  heated,  giving  off  oxygen, 
and  in  some  instances  iodine.  In  aqueous  solutions 
they  are  reduced  by  deoxidising  agents,  such  as  sulphur 
dioxide,  hydrogen  sulphide,  etc.  Hydriodic  acid  reduces 
iodic  acid  with  a separation  of  iodine. 

HlOg-f  5HI  = 3l2  + 3H2^- 

Periodic  acid  may  be  obtained  by  acting  on  iodine 
with  perchloric  acid,  and  the  crystals  have  the  compo- 
sition HglOg  (I2O7  -I-  5H2O).  The  acid  HIO4  is  not  known. 
When  heated  to  160°  the  acid  decomposes,  giving  off 
water  and  oxygen,  leaving  iodic  anhydride. 

2H5IO6  = 5H2O  + I2O5  + O2. 

The  existence  of  periodic  anhydride,  I2O7,  is  doubtful. 

Potassium  periodate  is  formed  by  oxidising  iodate 
with  chlorine  in  presence  of  potash,  probably  by  the 
action  of  hypochlorite  which  would  first  be  formed. 

KIO3  + 2KOH  + CI2  = KIO,  + 2KCI  + H2O. 

The  periodates  are  remarkable  for  the  variation  in  the 
amount  of  basic  oxide  associated  with  the  acid  oxide  in 
the  salt : the  following  will  illustrate  this  variation : — 

K a 
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Fluorine. 


KIO4  potassium  periodate. 

silver  periodate. 

Ba5(IOg)2  barium  periodate. 

They  may  be  considered  as  produced  from  a typical 
periodic  acid,  by  the  removal  of  water  in  success 

sive  stages. 


Heats  of  formation  : — 


The  oxidised  compounds  of  chlorine  and  iodine  differ 
remarkably  in  respect  of  their  stability,  and  iodine  is 
able  to  expel  chlorine  from  chlorates  and  perchlorates, 
although  chlorine  displaces  iodine  from  all  iodides,  etc. 
The  measurement  of  the  heats  of  formation  of  these  com- 
pounds gives  a quantitative  expression  for  these  differences 
of  chemical  attraction. 

The  following  table  shows  the  heat  of  formation  of  the 
halogen  acids  and  oxyacids  in  solution  in  water  : — 


R (H,  R,  Aq) 


(H,  R,  O3  Aq). 


Cl  39320  heat  units.  23940  heat  units. 

Br  28380  „ 12420  „ 

I 13170  „ 55710 

We  see  from  these  values  that  the  conversion  of  HCl.  Aq 
into  HClAq.Og  absorbs  15380  heat  units,  and  HBr  about 
the  same  quantity,  but  the  oxidation  of  HIAq.  to  iodic 
acid  produces  a development  of  42540  units  of  heat. 


Fluorine ; F.  Atomic  weight,  19. 

Fluorine  in  many  respects  resembles  in  chemical 
characters  the  halogen  elements,  and  is  accordingly 
grouped  with  them  ; but  until  the  end  of  1886  the  ele- 
ment had  never  been  isolated,  and  its  properties  are  still 
little  known.  This  alone  of  all  elements  does  not  form 
any  compound  with  oxygen. 

Fluor  spar,  or  calcium  fluoride,  is  found  as  a crystallised 
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mineral  in  Derbyshire  and  other  localities.  Cryolite, 
a double  fluoride  of  aluminium  and  sodium,  NagAlFg, 
is  found  massive  in  Greenland.  Fluorine  is  found  as 
a constituent  in  some  other  minerals,  and  in  small 
quantities  appears  widely  distributed  in  nature. 

Hydrogen  fluoride,  or  hydrofluoric  acid,  HF,is  obtained 
by  the  action  of  strong  sulphuric  acid  on  fluor  spar.  As 
the  acid  attacks  glass,  the  operation  is  performed  in 
vessels  made  either  of  lead  or  platinum. 

CaF2  + H2S04  = CaS04  + 2HF. 

The  gas  evolved  is  very  soluble  in  water,  in  which  it  can 
be  collected,  or  it  may  be  liquefled  in  a freezing  mixture  ; 
as  the  acid  is  very  corrosive  it  must  be  most  carefully 
dealt  with.  Dilute  hydrofluoric  acid  can  be  kept  in 
gutta-percha  bottles,  but  the  liquid  anhydrous  acid  can 
only  be  kept  in  platinum  vessels. 

By  the  electrolysis  of  the  anhydrous  hydrogen  fluoride 
(obtained  by  heating  potassium  and  hydrogen  fluoride 
KHF2),  Monsieur  Moissan  has  succeeded  in  isolating  the 
element  fluorine.  The  acid  having  been  cooled  to  — 23° 
in  a platinum  U-tube,  and  a current  of  twenty  Bunsen 
cells  passed  through  the  liquid,  hydrogen  is  liberated  at  one 
pole  and  fluorine  gas  from  the  other.  The  gas  manifests 
the  most  remarkable  chemical  activity,  and  the  elements 
silicon,  boron,  arsenic,  antimony,  sulphur,  and  iodine  take 
fire  in  it  instantly.  Organic  bodies,  such  as  alcohol, 
ether,  turpentine,  also  inflame  directly  they  are  brought 
in  contact  with  the  gas. 

Water  is  decomposed,  hydrogen  fluoride,  oxygen,  and 
ozone  being  formed.  If  mixed  with  hydrogen,  even  in 
the  dark,  the  gases  combine  with  explosion. 

The  vapour  density  of  hydrogen  fluoride  has  been 
found  to  be  ten  times  that  of  hydrogen  : its  molecular 
'weight  therefore  is  20.  From  the  amount  of  silver 
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obtained  from  silver  fluoride  when  that  salt  is  decom- 
posed in  hydrogen,  the  atomic  weight  of  fluorine  has 
been  found  to  be  19. 

The  most  characteristic  property  of  fluorine  is  its  great 
chemical  affinity  for  silicon,  and  hydrofluoric  acid  quickly 
attacks  silicates,  forming  gaseous  silicon  fluoride  : — 

Si02  + 4HF  = SiF4  + 2H20. 

Solution  of  hydrofluoric  acid  or  the  vapours  are  much 
used  for  etching  glass.  The  experiment  can  readily  be 
shown  thus  : — A watch-glass  is  prepared  by  coating  the 
convex  side  with  bees- wax,  and  some  portion  of  the  glass 
laid  bare  by  wiiting  with  a pointed  instrument  so  as  to 
scratch  through  the  wax.  A little  fluor  spar  is  placed  in 
a leaden  (or  platinum)  cup,  moistened  with  strong  sul- 
phuric acid,  and  covered  with  the  watch-glass ; a very 
gentle  heat  may  be  applied,  but  the  wax  must  not  be 
melted.  After  a time,  if  the  wax  is  cleaned  ofi*,  the 
writing  on  the  glass  will  be  found  to  be  etched  into  the 
surface. 

The  following  list  shows  the  composition  of  some 
important  fluorides : — 

HF,  hydrogen  fluoride. 

KHF2,  potassium  and  hydrogen  fluoride. 

CaF2,  calcium  fluoride. 

BFf,,  boron  fluoride, 

KBF4,  potassium  boro-fluoride. 

SiF4,  silicon  fluoride. 

KgSiFg,  potassium  silico-fluoride. 

PFg,  phosphorous  penta-fluoride. 

CrFg,  chromium  hexa-fluoride. 

MnF.^,  manganese  hepta-fluoride. 
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BORON  AND  SILICON. 

Boron;  B.  Atomic  weight,  11. 

Boron  is  an  element  of  limited  distribution  in  nature  ; 
it  is  found  as  boracic  acid  or  borax  in  several  parts  of 
the  world.  A crude  form  of  borax  (known  as  Tincal)  is 
found  in  Thibet,  and  a borax  lake  in  California  yields  a 
large  supply. 

To  obtain  the  element  either  the  oxide  B2O3  or  the 
fluoride  BF3  may  be  decomposed  with  metals.  When 
boron  trioxide  is  strongly  heated  with  metallic  potas- 
sium or  sodium  an  amorphous  form  of  boron  is  pro- 
duced ; the  double  fluoride  of  potassium  and  boron, 
KBF^,  is  also  similarly  reduced  by  potassium. 

Amorphous  boron  thus  obtained  is  a brown  powder ; 
it  will  combine  directly  with  oxygen,  sulphur,  nitrogen, 
chlorine,  and  we  may  now  add  fluorine.  When  boron 
oxide  is  heated  with  aluminium,  an  allotropic  variety 
is  obtained  in  extremely  hard  crystals,  and  known  as 
adamantine  or  diamond  boron.  Amorphous  boron  is 
also  changed  into  this  variety  when  heated  with  alu- 
minium. 

The  crystals  contain  traces  of  aluminium  and  some- 
times carbon ; they  are  infusible  and  almost  incom- 
bustible in  oxygen,  hut  will  burn  in  chlorine  and 
fluorine.  The  most  important  compounds  of  boron  with 
'non-metallic  elements  are  : — 
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Boron  hydride  BHg. 

Boron  fluoride  BFg. 

Fluoboric  acid  HBF^. 

Boron  chloride  BCI3. 


Boron  nitride  BN. 
Boron  trioxide  B2O3. 
Boracic  acid  B(OH)3. 


Boron  chloride,  BCI3,  is  formed  when  boron  is  heated 
in  chlorine,  and  also  when  the  oxide  is  acted  upon  at  a 
red  heat  by  chlorine  and  carbon  simultaneously. 


B2O3  + 30  + 3013  = 2BOI3  + 3OO. 


It  is  a fuming  liquid  resembling  phosphorus  trichloride ; 
it  boils  at  17°,  and  distils  without  decomposition.  Its 
vapour  density  is  58-7^  agreeing  with  the  formula  BCI3 
[molecular  weight  117-5]. 

Water  decomposes  it  into  boracic  acid  and  hydrochloric 
acid. 

BOI3  + 3H2O  = B(OH)3  + 3H01. 

Boracic  acid  is  present  in  the  steam  issuing  from  the 
earth  in  volcanic  districts  of  Tuscany:  by  condensing 
the  steam  in  open  basins  the  boracic  acid  is  also  con- 
densed and  may  be  separated  by  evaporation  of  the 
liquid. 

In  the  laboratory  the  acid  is  made  from  borax.  A 
warm  saturated  solution  of  borax  is  made  acid  with  " 
excess  of  hydrochloric  acid,  and  as  the  liquid  cools 
boracic  acid  separates  in  crystalline  scaly  plates.  It  is 
readily  soluble  in  hot  water^  but  only  sparingly  in  cold. 
When  dried  the  solid  acid  has  a greasy  feel  between 
the  fingers  like  soap-stone. 

Boracic  acid  (or  boric  acid)  is  a feebly  acid  substance ; 
it  is  almost  tasteless,  and  its  solution  in  water,  like  car- 
bonic acid,  changes  litmus  to  a wine-red  colour.  Yellow 
turmeric  paper  is  turned  brown  by  the  acid,  a charac- 
teristic which  is  employed  in  testing  for  boracic  acid. 

Boracic  acid,  and  its  alcoholic  solution  (which  contains 
ethyl  borate),  and  also  boron  fluoride  when  brought  into 
the  flame  of  a Bunsen  burner,  colour  the  flame  bright 
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^ green.  The  acid  is  an  antiseptic,  and  is  sometimes 
} used  as  a preservative  for  milk,  fish,  and  perishable 
H articles  of  food. 

When  heated  to  120°  boracic  acid  loses  water,  and  is 
3 converted  into  metaboric  acid,  H BO2  : — 

B(0H)3-H20  = B0(0H); 

t which  at  a higher  temperature  loses  more  water  and 
I boric  anhydride — boron  trioxide  is  left. 

2HBO2  ~ HgO  = B2O3. 

j Pyroboric  acid,  HgB^O^,  may  be  obtained  as  an  in- 
termediate product  by  heating  the  acid  less  strongly. 

Boron  trioxide,  B2O3,  is  a white  substance,  fusible 
below  redness,  and  solidifying  into  a glassy  mass.  It 
slowly  dissolves  in  water,  forming  boracic  acid. 

Borates.  In  combination  with  alkaline  and  other 
bases  boracic  acid  forms  the  salts  known  as  borates. 
They  are  somewhat  complex  in  character,  but  may  be 
arranged  under  three  typical  forms : — 

Orthoborates  M3BO3  B0O3  + 3H0O. 

Metaborates  MBOg  B2O3  + H2O. 

Pyroborates  M2B4O7  2B2O3  + H0O. 

Common  borax  or  sodium  biborate  is  referred  to  the 
last  type.  The  crystallised  salt  has  the  composition 
Na^B^O^,  10H2O,  but  when  heated  the  water  is  ex- 
pelled and  a glassy  mass  Na2B4  0^  is  left.  Borax  swells 
in  a remarkable  manner  when  heated,  but  after  all  the 
water  is  expelled,  passes  into  a state  of  quiet  fusion. 
The  fused  borax  glass  has  the  property  of  dissolving 
metallic  oxides,  and  forms  with  them  coloured  glasses, 
and  the  characteristic  colours  thus  produced  are  useful 
as  blowpipe  tests  in  analysis.  Thus  a bead  of  fused 
borax  is  coloured  blue  by  cobalt,  green  by  chromium, 
yellow  by  iron  peroxide,  etc. 

A hydride  of  boron  (B  H3  h)  has  been  obtained,  but 
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not  in  a state  of  purity ; an  organic  compound  with 
ethyl — Boron  triethide — B(C2 115)3  known  ; it  is  ana- 

logous in  composition  to  triethylamine  N(C2 115)3  and 
triethylphosphine  P(C2 115)3. 

Boron  fluoride;  BP3.  Vapour  density,  34.  This 
compound  is  obtained  as  a gas  by  acting  on  boron  tri- 
oxide with  hydrogen  fluoride. 

B2O3  + 6HF  = 2BF3  + 3H2O. 

It  is  very  soluble  in  water : on  dilution  the  solution 
decomposes,  forming  boric  acid  and  fluoboric  acid. 

4BF3  + 3H2O  = 3HBF,  + B(0H)3. 


Silicon ; Si.  Atomic  weight,  28. 

Although  silicon  is,  next  to  oxygen,  the  most  abundant 
element,  and  forms  so  large  a portion  of  the  earth’s  crust, 
the  properties  of  the  element  by  itself  are  comparatively 
little  studied,  and  it  has  never  been  prepared  on  a large 
scale. 

Silicon  oxide,  Si02,  or  silica,  is  found  as  quartz,  rock-, 
crystal,  flint,  chalcedony,  agate,  jasper,  cairngorm  and 
sand  ; and,  in  combination  with  bases,  it  is  a constituent 
of  an  infinite  variety  of  minerals.  Most  natural  waters 
contain  dissolved  silica. 

The  element  silicon  is  separated  from  the  fluoride  by 
metals,  and  is  known  in  two  allotropic  states.  Potas- 
sium silicofluoride  is  heated  wdth  metallic  potassium, 
and  after  washing  a brown  amorphous  powder  is  left. 

K2SiFc  + 4K  = Si  + 6KF. 

But  if  the  silicofluoride  is  decomposed  with  an  alloy  of 
zinc  and  potassium,  the  silicon  is  obtained  in  crystals 
hard  enough  to  scratch  glass.  The  density  of  these 
crystals  is  3-49,  which  is  less  than  that  of  diamond. 
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In  the  amorphous  state  silicon  is  a combustible 
powder,  soluble  in  potash  or  aqua  regia,  but  if  ignited 
strongly  in  a closed  vessel  it  becomes  more  dense  and 
much  more  difficult  to  act  upon  by  chemical  agents.  It 
will  not  burn  nor  dissolve  in  any  acids,  except  a mixture 
of  nitric  and  hydrofluoric  acids. 

Silicon  is  a tetrad  element,  since  it  combines  with 
u four  atoms  of  hydrogen,  chlorine  or  fluorine,  and  its 
i compounds  resemble  in  composition  those  of  carbon  and 
titanium.  The  following  are  some  of  the  chief  typical 
t compounds : — 


Silicon  fluoride  Sil’4. 

Hydro  fluo-silicic  acid  H2SiFg. 
Silicon  oxide  SiO^. 

Meta  silicic  acid  H2Si03. 

Ortho  silicic  acid  H4Si04. 

Ethyl  ortho-silicate  (C2H5)4Si04. 

Silica  or  Silicon  dioxide;  Si02. 

This  is  the  only  oxide  of  silicon,  and  is  similar  in 
composition  to  CO2 ; no  lower  oxide  exists,  but  the 
hydrate  silicoformic  acid  is  known,  H^SiOg  (H2  0,Si0), 
analogous  to  formic  acid  H2CO2,  (or  HgO,  CO). 

Crystalline  silica  is  found  as  quartz,  rock-crystal,  and 
sand  in  variously  coloured  varieties;  the  amorphous 
forms  are  flint,  chalcedony,  opal  and  others ; in  the  last- 
named  a recognisable  amount  of  water  is  found.  The 
density  of  quartz  is  about  2-6 ; it  is  very  hard,  but  not 
so  hard  as  ruby,  corundum  (AI2O3)  and  diamond.  All 
forms  of  silica  are  more  or  less  soluble  in  alkali  by  pro- 
longed heating,  but  crystalline  quartz  is  the  least  at- 
tacked. 

Silica  is  artiflcially  obtained  from  silicic  acid,  which 
by  heating  loses  all  combined  water.  From  gelatinous 
silicic  acid  it  is  left  as  light  white  powder,  soluble  in 
alkalies. 


Silicon  hydride  SiH4. 

Silicon  tetra-ethide  Si(C2H5)4. 

Silicon  tetra-chloride  SiCh. 

Silicon  trichloride  SioClg. 

Silicon  chloroform  SiHClg. 
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Silicic  acids. 

When  silica  mixed  with  alkaline  carbonate  is  brought 
into  a state  of  fusion  at  a high  temperature,  carbonic 
acid  is  expelled  and  a silicate  formed,  carbon  dioxide 
escaping  with  effervescence  from  the  fused  alkali. 

Na^COs  + Si02  = Na^SiOg  + CO2. 

If  the  silica  be  used  in  excess,  an  acid  silicate  or  glass 
is  formed  which  remains  transparent  on  cooling  ; but 
basic  silicates,  containing  excess  of  alkali,  are  opaque 
when  cold. 

Alkaline  silicates  produced  by  fusing  sand  with  excess 
of  alkali  are  soluble  in  water,  forming  alkaline  solu- 
tions ; and  from  such  solutions,  by  the  addition  of 
hydrochloric  acid,  silicic  acid  is  separated,  and  after  a 
short  time  becomes  a jelly-like  mass. 

A solution  of  silicic  acid  in  water  can  be  obtained  by 

dialysis  in  the  following  manner.  An 
aqueous  solution  of  silicate  of  soda  is 
poured  into  excess  of  hydrochloric 
acid,  sodium  chloride  is  formed,  which 
with  silicic  acid  remains  in  solution. 
The  liquid  is  dialysed  by  being  placed 
in  a vessel,  with  a membranous  bottom 
of  vegetable  parchment,  and  the  whole 
floated  in  a quantity  of  pure  water  (fig.  48). 

The  parchment  permits  the  passage  only  of  crystalline 
bodies,  and  so  the  salt  and  acid  pass  out  into  the  water ; 
but  gelatinous  substances  (or  colloids)  cannot  pass 
through  such  a membrane,  and  the  silica  is  retained  ; 
by  repeatedly  changing  the  water  an  aqueous  solution  of 
silicic  acid  is  left  pure.  The  solution  may  be  concen- 
trated by  boiling  in  a flask  to  a certain  extent  (14  per 
cent,  is  about  the  limit),  but  after  a time  it  gelatinises  ; 
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probably  the  solution  contains  ortbosilicic  acid(H4Si04), 
but  evaporated  in  vacuo  the  residue  has  the  composition 
HaSiOg. 

Silica  is  perceptibly  soluble  in  water,  and  is  present 
in  most  natural  waters.  Many  hot  volcanic  springs 
contain  a considerable  amount  in  solution,  which  de- 
posits as  a ‘ sinter  ’ when  the  water  cools.  Of  this 
nature  are  the  rock-basins  of  geysers,  and  the  beautiful 
pink  and  white  terraces  in  New  Zealand  lately  de- 
stroyed by  volcanic  eruptions.  It  has  been  shown  that 
the  presence  of  silica  in  the  water  of  a town  supply,  in 
a quantity  of  about  one  grain  per  gallon,  has  the  effect 
of  preventing  lead  pipes  from  being  attacked.  Certain 
soft  waters  act  upon  lead  and  dissolve  quantities  suffi- 
ciently large  to  be  dangerous  to  health,  while  other  soft 
waters  do  not ; and  the  difference  appears  due  to  the 
presence  of  a larger  quantity  of  dissolved  silica  in  the 
latter,  which,  by  forming  an  insoluble  surface  of  lead- 
silicate,  coats  the  pipes  and  stops  the  harmful  solvent 
action  of  the  water. 

Solutions  of  silicate,  when  added  to  metallic  salts,  e.g. 
copper,  iron  or  alumina,  give  insoluble  precipitates  of 
metallic  silicates. 

The  composition  of  natural  silicates  is  complex,  but 
for  the  most  part  they  fall  under  the  following  typical 
forms  of  silicic  acid : — 

H^SiO^  orthosilicic  acid  or  2H2O  SiO.^. 

1128103  metasilicic  acid  or  H2O  SiOg. 

Hg  812  07  parasilicic  acid  or  3 H2  0 2 8102. 

11481308  sesquisllicic  acid  or  2HjO  38102. 

The  following  minerals  may  be  taken  as  examples  : — 

Mg2Si04,  olivine  ; Mg  810a,  augite  ; 

AI2 81307,  clay;  K2Al2  8igOie,  felspar. 

Glass  is  a material  of  which  the  composition  varies 
according  to  the  purpose  for  which  it  is  required.  The 
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principal  kinds  are  crown,  or  window-glass ; flint,  or 
white  bottle-glass,  green  bottle-glass ; hard  glass  for 
combustion  tubing. 

For  all  varieties  silica  is  of  course  the  acid  constituent; 
the  bases  used  are,  (i)  for  window-glass,  lime  and  soda; 
(2)  for  flint-glass,  in  tumblers,  bottles,  etc.,  lead  and 
potash;  (3)  for  green  bottle-glass,  soda  with  lime,  alumina 
and  iron ; (4)  for  combustion  tubing,  potash  and  lime. 
The  proportions  vary  considerably  for  all  kinds  in 
different  glass-works. 

Silicon  Chloride,  Si  CI4,  is  produced,  like  boron  chlo- 
ride, by  the  joint  action  of  chlorine  and  carbon  upon  the 
oxide. 

A mixture  of  silica,  with  oil  and  carbon,  is  made  into 
balls  and  heated  to  bright  red  heat  while  a current  of 
chlorine  is  passed  tlirough  the  apparatus : — 

Si02  + C2  + Ch  = SiCl4  + 2C0. 

The  silicon  chloride  is  condensed  in  a tube  kept  cold  by 
a freezing  mixture.  It  is  a fuming  liquid,  instantty  de- 
composed by  water  into  silicic  and  hydrochloric  acids,  v 

SiCh  + 4H2O  = Si  (0H)4  + 4HCI. 

It  boils  at  50°,  and  the  density  of  the  vapour  is  85. 

Silicon  fluoride ; SiF^.  Vapour  density,  52.  This 
compound  is  formed  whenever  hydrofluoric  acid  acts 
upon  silica  or  a silicate,  the  attraction  of  fluorine  for 
silicon  being  remarkably  great. 

To  prepare  the  gas  in  the  laboratory  a mixture  of  sand 
and  fluor  spar  is  placed  in  a thick  glass  bottle,  such  as 
a soda-water  bottle,  and  strong  sulphuric  acid  added. 
The  bottle  is  then  placed  in  a saucepan  of  cold  water  or 
upon  sand,  which  is  gradually  heated  until  a steady 
stream  of  gas  is  given  off. 

2CaF2  + Si02  + 2H2SO4  = 2CaS04  + SiF^  + 2H2O. 
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The  gas  fumes  strongly  in  moist  air  and  unites  with 
i gaseous  ammonia  to  form  a white  solid. 

Silicon  fluoride  is  decomposed  in  a remarkable  manner 
' by  water,  to  show  which  the  gas  should  be  made  to 
i bubble  through  a little  mercury  in  a glass  so  as  to  pass 
I upwards  into  the  water  covering  it  (flg.  49).  Each  bubble 
of  gas,  as  it  comes  in  contact  with  the  water,  decomposes, 


Fig.  49. 


forming  a skin  of  gelatinous  silica.  But  at  the  same  time 
hydrofluosilicic  acid  forms,  which  remains  dissolved. 
4H2O  + 3SiF4  = Si(OHh  + 2H,SiF(.. 

Orthosilicic  acid  and  hydrofluoric  acid  will  first  be 
formed,  and  the  latter,  by  its  union  with  more  silicon 
fluoride,  forms  hydrofluosilicic  acid — 

(2HF,SiF,  = H2SiF6). 

Silicon  hydride.  Si  H^,  is  given  off  as  a spontaneously 
inflammable  gas  on  dissolving  magnesium  silicide  in 

3/Cld  " 

Mg2Si  + 4HCI  = 2MgCl2  + SiH,. 

The  gas  is  not  pure,  but  contains  some  hydrogen. 
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Arsenic  ; As.  Atomic  weight,  75. 

Vapour  density,  150.  Molecular  weight,  300  = AS4. 

Aesenic  is  associated  closely  with  phosphorus  on  one 
side  and  with  antimony  on  the  other  by  the  similarity 
of  the  compounds  with  hydrogen,  chlorine  and  sulphur, 
and  the  characters  of  the  oxides  and  acids. 

Arsenic  is  found  in  the  uncombined  state  in  mineral 
veins,  and  also  associated  with  metals  as  arsenides  and 
sulpharsenides.  It  is  commonly  present  as  an  impurity 
in  mineral  sulphides  and  ores.  Realgar  is  a sulphide, 
As^  S2 ; orpiment  is  AS2  S3 ; mispickel  or  arsenical  iron 
is  Fe  As  S;  nickel  arsenide,  NiAs.  A few  mineral  ar- 
senates are  found.  * 

The  element  arsenic  is  obtained  in  the  free  state  byv 
heating  mispickel  in  closed  vessels — 

4FeSAs  = 4FeS  + AS4. 

Or  it  may  be  obtained  by  the  reduction  of  the  oxide 
Asg  O3  with  carbon. 

Arsenic  is  a brittle  substance,  somewhat  crystalline, 
with  a little  lustre ; it  volatilises  without  fusion  at  low 
temperatures.  The  density  of  the  solid  is  5-9,  and  the 
vapour-density  of  the  element  is  150.  Wherefore  (as  in 
the  case  of  phosphorus)  the  vapour  molecule  is  repre- 
sented by  AS4.  On  account  of  the  poisonous  character 
of  arsenical  substances  great  care  and  caution  are  neces- 
sary in  experiments  with  them. 

The  following  are  some  of  the  most  important  and 
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t}^pical  arsenic  compounds ; and  their  general  similarity 
to  the  corresponding  phosphorus  compounds  will  be 
noticed : — 


Arsenic  trioxide  AsgOg. 

Arsenic  pentoxide  As^Og. 

Arsenic  hydride  AsHg. 

Silver  arsenite  AggAsOg 

Silver  arsenate  AggAsOg 


Arsenic  trisulphide  As.2Sg, 
Arsenic  pentasulphide  As^Sg. 
Arsenic  chloride  AsClg. 

Potassium  sulpharsenite  KgAsSg. 
Potassium  sulpharsenate  K3A8S4. 


Arsenic  Trioxide,  As^Og,  is  the  substance  commonly 
known  as*  white  arsenic.  It  is  obtained  by  oxidation  or 
roasting  of  arsenical  ores,  e.g.  mispickel  FeAsS.  The 
crude  product  is  sublimed  to  purify  it,  and  obtained  as  a 
glassy,  almost  transparent  mass 
known  as  vitreous  arsenic ; 8 ^ 

this  after  a while  changes  to 
an  opaque  allotropic  form  of 
slightly  different  density.  The 
oxide  is  obtained  in  crystals 
by  sublimation : — a small  frag- 
ment of  white  arsenic  is  placed 
in  a test-tube  and  gently  heated  ^ 

in  a flame ; the  trioxide  sub-  Pig 

limes  without  melting,  and  con- 
denses in  brilliant  crystals  (octahedra)  (fig.  50)  in  ^ cooler 
part  of  the  tube. 

Arsenic  trioxide  is  with  difficulty  soluble  in  water, 
more  soluble  in  hydrochloric  acid,  and  readily  soluble 
in  solution  of  alkalies  or  alkaline  carbonates,  forming 
arsenites.  The  strong  solution  of  arsenic  trioxide  in 
hydrochloric  acid  will  deposit  brilliant  transparent  octa- 
hedral crj^stals. 

The  vapour-density  of  arsenic  trioxide  is  found  to  be 
198:  the  molecular  formula  is  therefore  As4  0g.  To  show 
the  easy  reduction  of  the  oxide,  heat  a little  of  the 
powder  with  a fragment  of  dry  charcoal  in  a tube, 
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when  a black  mirror  of  sublimed  arsenic  will  be  ob- 
tained. 

Arsenious  acid  is  not  known  in  a definite  condition, 
although  doubtless  formed  in  the  solution  of  the  oxide, 
but  metallic  arsenites  are  numerous : — 

KHgAsOg,  CuHAsOg,  AggAsOg 
may  be  taken  as  examples. 

Arsenic  pentoxide,  As.^Og,  is  obtained  fromjbhe  lower 
oxide  by  heating  it  with  nitric  acid,  and  evaporating  off 
excess  of  water  and  acid : a syrupy  liquid  containing 
arsenic  acid  (H3ASO4)  is  left,  which  by  further  heating 
is  resolved  into  water  and  arsenic  pentoxide  : — 

2H3ASO4  = AS2O5  + 3H2O. 

The  pentoxide  is  a white  amorphous  solid,  dissolving 
in  water,  to  reproduce  arsenic  acid : at  a strong  red  heat 
it  loses  oxygen  and  the  trioxide  is  formed. 

Arsenic  acid,  when  neutralised  with  alkalies,  forms 
arsenates  similar  in  character  to  orthophosphates ; they 
have  the  same  crystalline  form  and  general  properties, 
and  are  obtained  by  similar  reactions. 

Arsenate  of  silver,  Ag3As04,  is  produced  as  a brick -red 
precipitate  by  mixing  sodium  arsenate  with  silver 
nitrate : — 

3AgN0g  + Na2HAs04  = Ag3As04  + HNO3  + 2NaN03. 

With  magnesia  mixture,  arsenates  precipitate  the  double 
arsenate  of  magnesium  and  ammonium — MgNH4As04, 
6H^O  resembling  the  phosphate. 

Arsenic  sulphides,  AS2S3  AS2S5,  are  made  by  the 
action  of  hydrogen  sulphide  upon  acid  solutions  of 
arsenites  and  arsenates,  being  thrown  down  as  yellow 
precipitates.  They  dissolve  in  alkaline  sulphides,  form- 
ing sulpharsenites  and  sulpharsenates,  some  of  which 
are  crystallisable  salts. 
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Arsenic  hydride  cr  Arsine,  AsHg.  This  compound, 
analogous  to  ammonia  and  phosphine,  has  not  been 
obtained  pure,  but  is  given  off  admixed  with  hydrogen 
on  dissolving  zinc  arsenide  in  hydrochloric  acid. 

ZngAs^  + 6HC1  = 3Z11CI2  + 2ASH3. 

It  is  a dangerously  poisonous  gas  with  an  odour  of 
garlic ; it  is  combustible,  burning  with  a dull  bluish- 
coloured  flame,  forming  arsenious  oxide  and  water.  It 
appears  to  have  no  basic  characters  ; no  combinations 
with  acids  have  been  obtained,  and  the  solution  in  water 
is  not  even  alkaline  to  test-paper.  The  organic  repre- 
sentatives— trimethyl  arsine  (CHgjgAs,  etc. — are  alkaline, 
and  readily  combine  with  acids. 

Marsh’s  test  for  Arsenic.  This  test  depends  on  the 
fact  that  arsenic  hydride  is  formed  when  nascent  hydro- 
gen acts  on  a compound  of  arsenic  : — 

H3ASO3+  3H9  = AsHgH-  3H2O. 

A small  flask  fitted  with  thistle  funnel  and  a delivery 
tube,  as  for  the  production  of  hydrogen,  is  used  (fig.  51): 
pure  zinc  and  hydrochloric  acid  are  introduced,  and 
after  a short  time  the  hydrogen  is  ignited.  It  is  advisable 
to  cover  the  flask  with  a cloth  before  igniting  the  gas, 
as  an  explosion  may  happen  unless  the  air  has  all  been 
driven  out.  If  the  materials  are  pure  the  hydrogen 
flame  gives  no  deposit  upon  a piece  of  cold  porcelain 
brought  into  it,  but  commercial  zinc  usually  contains 
arsenic.  When  the  purity  of  the  gas  is  proved,  a little 
solution  of  arsenite  may  be  poured  down  the  thistle 
funnel,  which  will  produce  a more  rapid  evolution  of  gas, 
and  the  flame  will  become  larger  and  perceptibly 
coloured.  A piece  of  cold  porcelain  depressed  upon  the 
flame  will  be  covered  with  a deposit  of  metallic  arsenic. 
The  films  of  arsenic  are  metallic  looking  in  the  thicker 
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places,  brownish  near  the  edges : they  are  easily  vola- 
tilised by  heat,  and  dissolve  in  solution  of  bleaching 
powder.  (Compare  the  behaviour  of  antimony.)  A 
portion  of  the  glass  tube  from  which  the  gas  is  burnt 
should  be  heated  to  redness  ; the  gas  decomposes,  and  a 
deposit  of  arsenic  appears  on  the  tube,  which  may  be 
identified  in  a similar  way,  or  may  be  converted  into 


Fig.  51. 


crystals  of  oxide  by  cautious  sublimation  in  an  open 
tube. 

Reinsch’s  test  for  Arsenic  is  made  by  heating  a piece 
of  bright  copper  sheet  in  a hydrochloric  acid  solution  of 
arsenical  substance.  The  deposition  of  a black  crust  on 
the  copper  results  from  the  precipitation  of  arsenic  in 
the  free  state.  The  copper,  with  its  deposit,  is  dried  at 
a gentle  heat,  and  placed  in  a small  glass  tube,  which  is 
then  gently  heated  in  a fiame.  Sublimation  and  union 
with  oxygen  take  place,  and  a ring  of  brilliant  crystals 
of  trioxide  forms  upon  the  side  of  the  tube. 

The  reduction  of  arsenic  from  its  oxide  can  also  be 
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shown  by  making  a mixture  of  arsenic  trioxide  with 
dry  potassium  cyanide,  and  heating  it  in  a glass  tube. 


Arsenic  is  liberated  and  deposits  as  a bright  metallic 
mirror  (fig.  52)  in  the  cooler  part  of  the  tube. 

Note. — By  more  recent  experiments  at  very  high  tem- 
peratures (about  i7oo°C.)  it  has  been  proved  that  arsenic 
vapour  dissociates ; and  as  the  vapour  density  found  is 
nearly  75  the  molecule  becomes  As^.  Under  similar 
conditions  the  vapour  of  phosphorus  is  only  partially 
decomposed,  the  vapour  density  falling  to  46  (nearly). 


CHAPTEE  XV. 


QUANTIVALENCE.  ACIDS,  BASES,  AND  SALTS. 

In  the  compounds  already  studied  there  are  many 
differences  to  be  noticed  in  the  numbers  of  atoms  with 
which  elements  combine.  Thus  in  hydrogen  chloride 
HCl  one  atom  of  hydrogen  unites  with  one  of  chlorine, 
but  in  water  H2O  we  find  two  atoms  of  hydrogen  asso- 
ciated with  an  atom  of  oxygen  : in  ammonia  NH3  we  find 
that  a single  atom  of  nitrogen  can  unite  with  three  of 
hydrogen,  and  in  marsh  gas  CH4  the  one  carbon  atom 
unites  ^i\hfour  hydrogen  atoms.  Several  terms  are  in  ' 
use  to  express  these  differences,  which  are  described  as  ' 

i 

differences  in  quantivalence,  valency,  or  atomicity  of 
the  elements.  And  the  elements  themselves  are  called 
monad,  dyad,  triad,  or  tetrad,  according  to  the  number 
of  hydrogen  (or  other)  atoms  with  which  they  associate. 

This  is  illustrated  by  the  following  examples  : — j 

Hydrogen  is  the  type  of  a monad  element,  and  the  I 
halogen  elements  in  combination  with  it  are  all  monad.  ; 
Thus  we  have  the  compounds  HF,  HCl,  HBr,  HI  formed 
by  union  of  one  atom  of  each.  The  compounds  of  either 
hydrogen  or  chlorine,  or  in  some  cases  oxygen  also,  are 
taken  to  show  the  atomicity  or  quantivalence  of  other 
elements.  Thus  oxygen  and  sulphur  are  regarded  as 
dyads  in  such  combinations  as  H^O,  H.^S,  CkO.  Boron, 
nitrogen,  phosphorus  and  arsenic  are  triads  in  the  follow- 
ing instances,  ECI3,  NH3,  PH3,  ASCI3.  Carbon  and  silicon 
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are  manifestly  tetrads  in  CH^,  CCI4,  SiCl4,  as  well  as  in 
CO2  and  SiO^.  Again,  nitrogen,  phosphorus  and  arsenic 
appear  as  pentads  in  such  compounds  as  NH4CI,  PH4I, 
PCI3,  AS2O,. 

Sulphur  is  a hexad  in  SO3  and  SO2  (OH)2,  although 
tetrad  in  SO2  and  dyad  in  SH^. 

There  are  some  elements  which  appear  to  have  heptad 
characters,  for  example,  chlorine  and  iodine  in  per- 
chlorates and  periodates.  The  oxides  corresponding  to 
these  salts  are  CI2O7  and  I2O7,  but  they  are  not  known 
in  the  free  state : the  free  acids  are  HCIO4  or  CIO3,  (OH) 
and  HglOg  or  IO(OH)5,  but  both  are  derived  from  the 
typical  acids  Cl(OH)7  and  I(OH)7  which  are  heptad,  and 
by  loss  of  water  produce  the  ordinary  forms. 

That  the  quantivalence  of  elements  is  not  a fixed  and 
invariable  character  is  shown  by  the  examples  of  sulphur, 
chlorine,  nitrogen,  etc.  The  metal  molybdenum  furnishes 
a striking  example  of  varying  atomicity  in  the  chlorides 
M0CI2,  M0CI3,  M0CI4,  M0CI5.  Nitrogen  in  the  oxide 
NO,  and  carbon  in  CO,  furnish  examples  of  doubtful 
cases,  in  which  it  seems  impossible  to  settle  the  atomicity 
of  either  element. 

When  the  elements  are  arranged  in  a series,  as  in  the 
following  table,  in  the  order  of  their  atomic  weights, 
there  is  a manifest  repetition  or  recurrence  of  type  after 
the  element  fiuorine.  The  first  horizontal  line  contains 
seven  elements,  beginning  with  a monad  metal  lithium 
and  ending  with  fluorine  (as  yet  of  doubtful  atomicity), 
and  the  next  gives  us  a second  series  almost  exactly 
parallel  in  chemical  character  with  the  first.  This 
periodic  repetition  of  properties  was  discovered  by  Mr. 
J.  A.  R.  Newlands. 
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Table  of  Elements  to  show  the  Periodic  Law. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

R.0 

R.,02 

R2O4 

R2t^5 

RgOg 

R07 

H I 

Li  7 

He  21 
Be  9 

B II 

C 12 

N 14 

0 16 

F 19 

A 19.9 

Na  23 

Mg  24 

AI  27 

Si  28 

P 31 

S 32 

Cl  35.5 

K 39 

Ca  40 

Sc  44 

Ti  48 

V51 

Cr  52 

Mn  35 

i Fe  56 
Ni  58-6 
( Co  59 

Cu  63 

Zn  65 

Ga  70 

Ge  72 

As  75 

Se  79 

Br  80 

Rb  85 

Sr  87 

Yt  89 

Zr  90 

Nb  94 

Mo  96 

( Ru  loi 
{ Rli  103 

Ag  108 

Cd  112 

In  114 

Sn  1 18 

Sb  120 

Te  125 

I 127 

( Pd  106 

Cs  133 

Ba  137 

La  138 

Ce  140 

Di  144 

Sm  150 



— 

— 

Tr  160 

Er  166 

Yb  173 

— 

_ 

__ 

___ 

Ta  182 

W 184 

[ Os  191 
] Ir  193 
( Pt  194-5 

Au  197 

Hg  200 

TI  204 

Pb  207 
Tb  232 

Bi  208 

U 240 

The  parallel  is  not  so  exact  as  the  atomic  weights  in- 
crease, but  the  general  characters  of  the  first  series  of 
elements  are  repeated  in  the  others.  In  column  I we 
have  the  monad  metals,  in  II  the  dyads,  and  so  on,  all 
natural  groups  being  brought  together.  This  repetition 
of  type  is  known  as  the  periodic  law  of  the  elements. 
In  the  last  column  three  groups  of  metals  appear  which 
do  not  fit  otherwise  into  the  arrangement ; they  are  the 
iron  group,  palladium  group,  and  the  platinum  group. 
The  elements  gallium,  Ga7o,  and  germanium,  Ge72, 
were  unknown  when  the  table  was  first  drawn  up,  but 
their  probable  existence  was  predicted  by  the  dis- 
tinguished Russian  chemist  Mendelejeff,  and  he  also 
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I foretold  their  general  characters  and  atomic  weights 
with  what  afterwards  proved  a near  approach  to  the 
reality.  And  it  may  be  that  other  blanks  at  present 
existing  in  the  table  will  be  filled  hereafter  by  the  dis- 
i covery  of  new  elements. 

Acids.  We  have  seen  that  certain  non-metallic  ele- 
j ments  form  oxides,  which,  by  addition  of  water,  produce 
i sour  or  acid  substances,  and  these  acid  bodies  will  react 
with  metallic  oxides  or  hydrates  to  form  neutral  com- 
i pounds  or  salts.  Such  are  the  oxygen  acids,  or  oxy- 
acids,  of  which  sulphuric  and  phosphoric  acid  are  good 
examples.  But  the  halogen  elements  form  a group  of 
acids  of  a different  type  ; they  unite  first  with  hydrogen, 
and  these  compounds  combining  with  water  form  power- 
ful acids,  with  sour  taste,  and  the  power  of  forming 
salts.  Hydrochloric  acid,  hydrofluoric  acid,  etc.,  belong 
to  this  class ; and  we  may  add  fluoboric  acid  HBF^, 
and  fluosilicic  H2  Si  Fg. 

The  usual  characters  by  which  an  acid  is  recognised 
are  sourness  and  the  power  of  changing  the  colour  of 
blue  litmus  to  red.  But  these  characters  are  manifested 
to  a slight  extent  only  by  some  compounds,  such  as 
carbonic  acid,  boracic  acid,  and  silicic  acids.  Yet  chemi- 
cally we  regard  these  as  true  acids  on  account  of  their 
power  of  producing  salts  if  combined  with  bases. 

When  an  acid  is  changed  into  a salt  it  loses  hydrogen 
which  becomes  replaced  by  a metal,  and  the  hydrogen 
in  an  acid  may  be  partly  or  wholly  removed  in  the 
formation  of  salts. 

The  term  basicity  is  used  to  express  differences  in 
this  respect  shown  by  various  acids. 

Thus  hydrogen  chloride  has  one  atom  of  hydrogen 
only  in  the  molecule,  and  forms  with  bases  (metallic 
'oxides)  but  one  chloride ; it  is  therefore  termed  mono- 
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basic.  Hydrobromic  and  hydriodic  acids  are  monobasic 
like  hydrochloric  acid. 

Another  monobasic  acid  is  nitric  acid,  HNO3,  which 
neutralised  with  soda  becomes  sodium  nitrate,  NaNOa- 
We  sometimes  express  this  monobasic  character  of  the 
acid  by  writing  the  formula  N02(0H),  and  the  salt 
similarly  is  N02(0Na). 

A bibasic  acid  contains  two  atoms  of  hydrogen  re- 
placeable by  metals,  and  is  able  to  form  both  neutral 
and  acid  salts.  Carbonic  acid  and  sulphuric  acid  are 
good  examples  of  bibasic  acids. 


CO 

CO 

CO 

SO2 

SO, 

SO, 


OH 

OH 

OH 

ONa 

ONa 

ONa 

OH 

OH 

OH 

ONa 

ONa 

ONa 


Carbonic  acid  or  HgCOg. 

Sodium  bicarbonate  or  NaHCOg. 
Sodium  carbonate  or  Na,C03. 
Sulphuric  acid  or  H2SO4. 

Sodium  bisulphate  or  NaHSO^. 
Sodium  sulphate  or  NagSO^. 


A tribasic  acid  contains  three  atoms  of  replaceable 
hydrogen,  and  accordingly  can  form  salts  containing 
one,  two,  or  three  atoms  of  metal.  Phosphoric  and 
arsenic  acids  are  good  examples. 


PO 

OH 

OH 

PO 

OH 

OH 

OH 

PO 

ONa 

OH 

ONa 

PO 

ONa 

ONa 

ONa 

ONa 

Orthophosphoric  acid  or  H3PO4. 


Monosodium  phosphate  or  H,NaP04. 


Disodium  phosphate  or  HNa,P04. 


Trisodium  phosphate  or  Na3P04. 
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Calculation  of  formulae. 

The  analysis  of  any  compound  can  only  give  the 
weight  of  the  several  parts  of  which  it  is  made  up: 
the  results  are  usually  calculated  into  percentages,  from 
which  we  have  to  deduce  a formula  for  the  compound. 
For  example,  an  analysis  of  a silver  salt  gave  the  follow- 
ing percentage  results : — 

Silver  Ag  = 70.13  per  cent. 

Nitrogen  N = 9.09  „ 

Oxygen  0 = 20-78  „ 

100 

If  X be  the  number  of  atoms  of  silver  (atomic  weight 
= 108),  and  M the  molecular  weight  of  the  compound, 
it  is  obvious  that 

o 70.13  xJlf 

100  : 70.13  ::  iU  : 108  X x — - • 

108  X 100 


So  if  y atoms  of  nitrogen  (atomic  weight  =14)  are 


present. 


y = 


9 09  X M 


14  X ICX5 

and  .2^  atoms  of  oxygen  (atomic  weight  =16), 

20.78  X M 


z = 


16  X 100 

Hence  we  get  in  each  case  the  percentage  divided  by  the 

M 

atomic  weight  of  the  elements,  x , in  which  M is  un- 

100 

known.  By  making  the  division  we  get 

Ag  70.13  4-  108  = .649  or  I. 

N 9.09  14  = .649  or  I. 

0 20.78  ^ 16  = 1.298  or  2. 

I CO 

We  now  divide  each  by  *649  (which  is  or  some 

JjI 

simple  multiple),  and  the  ratios  obtained  are  1:1:2,  and 
the  simplest  formula  must  be  AgNOg. 

And  if  -649  = it  follows  that  the  molecular  weight 

IT  100 
M = -- — =154. 

•649 


CHAPTEE  XVI. 


METALS.  POTASSIUM,  SODIUM. 

The  metallic  elements  are  distinguished  from  non- 
metallic  elements  partly  by  physical  and  partly  by 
chemical  characters,  but  it  is  difficult  to  draw  an  abso- 
lute line  of  separation.  There  are  certain  properties 
however  which  most  members  of  the  class  metals  exhibit, 
of  which  the  foremost  is  metallic  lustre ; the  clean  surface 
of  many  metals  is  brilliant  and  reflects  light.  They  are 
mostly  fusible,  the  temperature  of  fusion  varying  from 
— 40°  in  the  case  of  mercury  to  the  intense  heat  of  the 
oxyhydrogen  blowpipe  which  is  required  to  melt  the 
platinum  metals. 

The  fused  metals  by  intermixture  or  chemical  com- 
bination form  alloys,  which  also  have  the  metallic 
lustre  and  appearance. 

Several  metals  are  ductile,  malleable,  tenacious  and 
of  great  tensile  strength,  and  on  account  of  these  pro- 
perties are  of  great  use  to  mankind  ; among  metals  too 
are  found  the  best  conductors  of  heat  and  electricity. 

As  regards  chemical  functions  the  metals  have  gener- 
ally an  opposite  polarity  to  the  non-metals.  While  the 
oxides  of  many  non-metals  form  acids,  the  oxides  of 
metals  form  bases  with  opposite  characters,  which 
neutralise  the  former  in  combining  to  produce  salts. 
In  the  electrolysis  of  metallic  salts  the  metals  in  the 
bases  appear  at  the  negative  pole,  the  non-metals  at 
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the  positive  pole,  so  that  as  a class  the  metals  are 
electro-positive  in  relation  to  the  non-metallic  elements. 
The  monad  and  dyad  metals  are  the  most  electro-positive 
of  the  class  and  the  most  pov^erfully  basic,  but  the 
pentad,  hexad  and  heptad  metals  furnish  acid  oxides  of 
marked  character,  forming  well-defined  salts. 

In  the  table  of  elements  in  Chapter  XV  the  metals 
Lithium,  Sodium,  Potassium,  Rubidium  and  Csesium  are 
found  in  the  first  vertical  row.  These  elements  form  a 
well-marked  natural  group.  The  metals  are  easily 
fusible  and  volatile,  and  give,  either  alone  or  in  com- 
pounds, when  brought  into  a fiame,  characteristic  colours 
with  distinct  and  definite  spectroscopic  lines.  The  hy- 
drates are  caustic  alkaline  bodies,  with  strongly  basic 
characters,  forming  salts  which  generally  are  soluble  in 
water.  The  metals  themselves  cannot  be  kept  in  the 
air  on  account  of  their  attraction  for  oxygen ; they 
decompose  water  with  energy,  forming  alkaline  solu- 
tions. A large  number  of  salts  formed  from  these 
elements  are  identical  or  isomorphous  in  their  crystal- 
line forms. 


Alkali  Metals. 


At.  wt. 

Hydrates. 

Clilorides. 

Oxides. 

Lithium 

Li  7 

Li  OH 

Li  Cl 

Li^O. 

Sodium 

Na  23 

NaOH 

NaCl 

Na<,0. 

Potassium 

K39 

KOH 

KCl 

K,b. 

Rubidium 

Rb  85 

RbOH 

RbCl 

Rb20. 

Csesium 

Cs  133 

CsOH 

CsCl 

G%0. 

Potassium  (Kalium),  K = 39- 

The  metal  is  never  found  free  in  nature,  but  is  pre- 
sent as  silicate,  etc.  in  the  older  plutonic  rocks  (granite, 
etc.),  and  in  small  quantity  in  most  soils.  Fresh  waters 
contain  small  but  varying  amounts  of  potassium  salts, 
' but  in  sea-water  the  element  is  present  in  large  quantity. 
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chiefly  as  chloride.  In  the  ashes  of  plants  and  animals 
potassium  as  carbonate,  chloride,  etc.,  is  invariably 
present. 

The  most  abundant  supply  of  potassium  salts  is  found 
in  the  enormous  salt  deposits  of  Stassfurt,  near  Magde- 
burg, where  the  chloride  (Silvine)  KCl  and  Carnallite 
(KCl-l-MgCl2H- 6H2  0)  are  largely  worked. 

Plant  ashes,  especially  wood  ashes,  the  ash  of  sea- 
weeds, and  the  refuse  from  the  manufacture  of  sugar  from 
cane  or  beet-root,  when  burnt,  furnish  potassium  car- 
bonate. The  residuum  from  grapes  in  wine-making  also 
contains  potash.  If  we  burn  a splinter  of  wood  and 
place  the  ash  on  a moistened  turmeric  paper  we  shall 
find  it  has  an  alkaline  reaction : this  is  the  oldest 
method  for  obtaining  potash.  Waste  wood  and  twigs 
are  burned  in  heaps  until  a quantity  of  wood  ashes  is 
obtained ; these  are  then  lixiviated  or  extracted  with 
water  and  the  lye  evaporated.  A crude  potassium  car- 
bonate is  left  (crude  potashes),  which  after  purification 
is  known  as  jpearl  ash. 

Metallic  potassium  was  first  obtained  by  Sir  Hum-  '' 
phrey  Davy  in  1807  by  the  decomposition  of  potash  by 
means  of  a powerful  current  of  electricity,  but  it  is  now 
made  from  the  carbonate  by  heating  it  with  carbon. 

A mixture  of  potassium  carbonate  with  charcoal  is 
placed  in  an  iron  retort  and  brought  to  an  intense  red 
heat  in  a furnace.  The  liberated  metal  distils  over  as  a 
greenish  vapour,  and  is  condensed  in  flat  iron  receivers 
dipping  into  naphtha. 

K2OO3  + 2C  = K2  + 3CO. 

The  preparation  of  the  metal  is  a difficult  and  some- 
what dangerous  operation  owing  to  the  tendency  of 
carbonic  oxide  to  unite  with  it,  thereby  forming  an 
explosive  substance.  ^ 
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Potassium  is  a brilliant  silver  white  metal,  soft  enough 
to  be  cut  with  a knife,  lighter  than  water  (sp.  gr.  -875), 
very  fusible  (melting  point  63°-5),  and  easily  volatilised. 

If  we  heat  a piece  of  potassium  in  a small  iron 
spoon  it  melts  easily  and  burns  in  the  air  with  a 
lavender  flame,  or  if  a fragment  is  heated  in  a closed 
glass  tube  we  may  notice  the  formation  of  a green- 
coloured  vapour.  A clean  piece  of  the  metal  sealed 
up  in  a tube  (which  has  been  exhausted  of  air)  can 
be  melted,  and  will  adhere  to  the  glass,  showing  its 
brilliant  white  metallic  surface. 

Metallic  potassium  is  very  easily  oxidised  in  the  air, 
and  must  therefore  be  preserved  under  naphtha  or  some 
hydrocarbon,  which  is  without  action  on  it.  When  a 
piece  of  the  metal  is  thrown  on  water  it  at  once  decom- 
poses the  water,  liberating  hydrogen  and  dissolving  as 
the  hydrate  (KOH)  or  caustic  potash : the  liquid  tested 
with  turmeric  paper  will  be  found  to  be  alkaline. 


K2  + 2H20  = 2KH0  + H2. 


The  following  are  some  of  the  chief  salts  of  this 
metal : — 


KCl  f)otassium  chloride. 
KBr  „ bromide. 

KI  ,,  iodide. 

KCN  „ cyanide. 


KOH  potassium  hydrate. 
KNO3  „ nitrate. 

K0CO3  „ carbonate. 

KHCO3  ,,  bicarbonate. 


Potassium  hydrate,  or  caustic  potash,  KOH,  is  formed 
when  the  metal  dissolves  in  water,  but  in  practice  it  is 
prepared  from  the  carbonate. 

The  carbonate  is  dissolved  in  water,  slaked  lime  added 
and  the  mixture  boiled ; calcium  carbonate  is  formed 
which  precipitates  while  caustic  potash  remains  in 
solution. 

K2CO3  Ca(OH)2  = 2KOH  + CaC03. 


The  solution  of  carbonate  of  potash  must  be  sufficiently 
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diluted  or  the  change  does  not  take  place.  The  clear 
solution  is  boiled  down  (without  allowing  carbonic  acid 
of  the  air  to  have  access  to  it)  and  concentrated,  and 
the  heating  is  continued  until  almost  a red  heat  is 
reached.  The  fused  potash  is  then  commonly  cast  into 
sticks  by  being  poured  into  iron  moulds. 

Potassium  hydrate  is  a hard,  white,  semicrystalline 
solid,  liquefying  quickly  in  the  air  from  absorption 
of  moisture,  and  also  greedy  of  carbonic  acid.  It  is 
a corrosive  caustic  substance,  and  destroys  animal  and 
vegetable  tissues.  Potash  is  very  soluble  in  water  with 
development  of  heat,  and  the  solution  has  a strongly 
alkaline  reaction,  with  a soapy  feeling  between  the 
lingers : it  also  dissolves  in  alcohol. 

When  potash  is  neutralised  with  acids  a salt  is  formed  ; 
thus,  if  the  solution  be  mixed  with  dilute  sulphuric  acid 
until  the  liquid  is  without  action  on  litmus  paper,  it  will 
contain  potassium  sulphate,  which  can  be  obtained  in 
crystals  by  evaporation. 

2KOH  + H2SO4  = K2SO4  + 2H2O. 

Potash  and  sulphuric  acid  yield  potassium  sulphate  and 
water. 

One  characteristic  property  of  alkalies  is  their  action 
with  metallic  salts,  which  are  usually  decomposed  with 
separation  of  the  metallic  hydrate,  as  a precipitate.  Thus 
to  a solution  of  copper  sulphate  add  a little  potash  solu- 
tion ; a blue  precipitate  of  copper  hydrate  will  form — 

CUSO4  + 2KOH  = K2SO4  4-  Cu(OH)2. 

Copper  sulphate  with  potassium  h3^drate  forms  potassium 
sulphate  and  copper  hydrate.  This  reaction  is  t3q)ical 
of  the  behaviour  of  alkalies  with  solutions  of  the  heavy 
metals. 

Another  important  character  of  alkalies  is  theii*  power 
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of  converting  fats  or  oils  into  soaps,  which  is  a change 
similar  in  kind  to  the  decomposition  of  metallic  salts. 
Boil  some  strong  potash  with  a little  oil  for  a short  time, 
the  oil  will  dissolve  and  become  completely  saponified. 
The  potash,  by  combining  with  the  fatty  acids,  stearic  and 
oleic  acids  chiefly,  forms  potassium  stearate  and  oleate 
or  ‘soft  soap,’  and  glycerine,  CgH5(OH)3,  is  set  free; 
with  soda  in  a like  manner  hard  soaps  are  produced. 

Potassium  forms  two  carbonates,  neutral  carbonate 
CO3,  and  bicarbonate  KH  CO3. 

Potassium  carbonate,  K2CO3,  or  pearl  ash,  is  obtained 
by  lixiviating  wood  ashes,  or  by  calcining  the  crude 
tartar  of  wine, — potassium  bitartrate,  and  washing  the 
residue.  It  is  strongly  alkaline,  very  deliquescent  and 
soluble.  When  a stream  of  carbonic  acid  is  passed  over 
it  the  bicarbonate  is  formed. 

Potassium  nitrate,  KNO3:  nitre  or  saltpetre  is  formed 
in  soils  by  the  natural  process  of  nitrification  already 
described.  It  is  useful  as  a source  of  nitric  acid  or  as  an 
oxidising  agent : very  large  quantities  are  employed  for 
making  gunpowder. 

An  English  powder  was  found  to  contain : — 

Charcoal  13.7  percent. 

Sulphur  JO.  I „ 

Nitre  76-2  „ 

Potassium  forms  three  oxides,  K2O;  K2O2;  K2O4:  they 
are  all  obtained  by  the  direct  combination  of  the  metal 
with  dry  oxygen. 

Sodium  [Natrium];  Na=23. 

The  element  sodium  is  abundant  and  widespread, 
entering  as  it  does  into  the  composition  of  an  enormous 
number  of  rocks,  and  being  present  in  traces  every- 
where. 
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Large  deposits  of  the  chloride  are  found  as  rock  salt 
and  of  the  nitrate  as  Chili  saltpetre,  while  the  carbonate, 
borate  and  sulphate  are  met  with  in  lesser  quantities. 
Sodium  is  present  in  natural  waters,  salt  springs,  and  in 
inexhaustible  quantity  in  sea- water.  As  a constituent  of 
plants  it  is  always  found  in  the  ash,  although  not  so  abun- 
dantly as  potassium,  with  however  the  exception  of  a few 
plants  inhabitants  of  salt  marshes,  which  contain  sodium 
in  very  large  quantity.  The  metal  was  discovered  by  Sir 
Humphrey  Davy,  and  obtained  by  electrolysis  of  the 
hydrate  in  the  same  manner  as  potassium.  It  may  be  made 
either  by  decomposing  caustic  soda  with  carbon — 

6Na  OH  + 2C  = 2Na^  CO3  + 3H2  + Na2, 
or  from  the  carbonate  by  heating  it  with  charcoal. 
The  process  is  like  that  described  for  making  potassium, 
but  is  more  easily  managed. 

Sodium  is  a silver  white  brilliant  metal,  with  a very 
slight  pink  tinge ; it  is  soft,  of  density  *973,  fusible 
at  96°,  and  volatile  at  red  heat.  When  thrown  on  water 
it  swims  about,  liberating  hydrogen  and  forming  solution 
of  caustic  soda  : in  the  air  it  oxidises,  forming  first  oxide, 
then  hydrate  and  carbonate. 

When  sodium  and  potassium  are  melted  together  in 
molecular  proportions,  they  form  a liquid  alloy  of 
brilliant  metallic  appearance.  It  boils  at  7oo°C.  and  is 
used  in  thermometers  for  measuring  high  temperatures. 

The  chief  compounds  of  sodium  are  : — 

NaOH  Sodium  hydrate.  Na^HPO^  Sodium  phosphate. 

NaCl  „ chloride.  NaaSO^  „ sulphate. 

NaNOg  „ nitrate.  NaoS.gOg  „ thiosulphate. 

NaaCOj  „ carbonate. 

Sodium  chloride  is  the  most  abundant  of  the  sodium 
compounds:  it  is  found  as  rock-salt  in  deposits  of  different 
geological  ages,  but  probably  all  formed  by  drying  up  of 
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salt  lakes  or  inland  seas.  In  Cheshire  are  found  extensive 
beds  ; at  Stassfurt,  as  already  mentioned  ; at  Salzburg  in 
the  Tyrol,  and  at  various  other  localities  in  many  parts  ‘ 
of  the  world,  rock-salt  deposits  are  worked. 

The  salt  is  either  dug  out  solid  or  it  may  be  pumped 
up  as  brine,  produced  by  letting  in  water,  which  soon 
takes  up  as  much  salt  as  it  can  dissolve.  The  salt 
is  recovered  by  evaporation.  A considerable  amount  of 
salt  is  extracted  from  sea-water  which  contains  about 
3*5  per  cent,  of  solid  matters,  rather  less  than  3 per  cent, 
being  salt.  The  evaporation  of  the  water  is  mainly 
effected  by  natural  agencies — sun  and  wind ; artificial 
heat  being  only  used  in  the  final  stages. 

On  the  low  flat  coast  of  Hay  ling  Island,  near  Ports- 
mouth, are  salterns  which  have  been  worked  for  centuries. 
The  sea- water  is  taken  into  shallow  pans,  where  in  about 
a week  it  becomes  brine,  which  is  then  concentrated  by 
boiling  until  the  salt  deposits.  The  residual  liquors, 
termed  bitterns,  are  utilised  as  a source  of  magnesia, 
potash,  and  bromine. 

Sodium  chloride  has  a well-known  saline  taste  ; it 
crystallises  in  cubes  which  are  anhydrous.  It  dissolves 
in  water,  but  not  in  alcohol ; from  the  aqueous  solution 
the  salt  can  be  all  precipitated  by  hydrochloric  acid  gas, 
by  which  method  pure  sodium  chloride  may  be  prepared 
for  laboratory  use. 

The  Alkali  Manufacture. 

Common  salt  is  the  raw  material  from  which  com- 
mercial soda  products  are  obtained,  viz.  : — Salt  cake. 
Soda-ash,  Carbonated  and  Caustic  alkali. 

The  process  known  as  the  Leblanc  process  consists  of 
several  stages  ; — ist,  production  of  salt  cake  by  sulphuric 
/ acid  ; 2nd,  production  of  black  ash ; 3rd,  washing  of 
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black  ash  and  separation  of  the  carbonated  and  caustic 
soda. 

I.  Salt  cake  process.  This  process  has  for  its  object 
the  production  of  sodium  sulphate  from  the  chloride.  A 
charge  of  three  quarters  of  a ton  of  salt  is  placed  in  a 
large  cast  iron  pan,  heated  from  below,  and  the  proper 
quantity  of  sulphuric  acid  allowed  to  run  in  upon  it. 
Hydrogen  chloride  is  given  off  in  enormous  quantity 
and  is  conveyed  by  flues  to  condensing  towers.  The 
action  is — 

2NaCl  + H2SO4  = NaCl  + NaHSO^  + HCl, 

acid  sodium  sulphate  and  some  sodium  chloride  being: 
left. 

The  towers  for  condensing  the  hydrochloric  acid  are 
built  of  sandstone,  and  filled  with  lumps  of  coke,  down 
which  a stream  of  water  is  caused  to  run.  The  gas 
enters  below  and  meets  the  water  in  its  ascent,  and  is 
practically  all  absorbed  in  passing  through  the  towers, 
strong  solution  of  hydrochloric  acid  being  drawn  off  at 
the  bottom. 

When  the  decomposition  of  one-half  of  the  salt  in  the 
pan  is  finished,  the  mass  left  is  raked  into  reverberat- 
ing furnaces,  built  conveniently  alongside,  where  it  is 
brought  to  a red  heat,  and  the  action  completed.  This 
second  stage  is — 

NaCl  + NaHSO^  = Na-^SO^  + HCl. 

Salt  cake  or  neutral  sodium  sulphate  is'  formed,  and 
the  rest  of  the  chlorine  expelled  as  hydrogen  chloride 
passes  to  the  acid  condensing  towers. 

II.  Black  ash  process.  By  this  process  the  sulphate 
is  reduced  to  sulphide  and  converted  into  carbonate. 

The  salt  cake  is  mixed  with  coal  and  limestone,  Ca  CO3, 
and  brought  into  a furnace  of  a special  kind.  Formerly 
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the  reduction  was  performed  in  a reverberatory  furnace, 
with  a flat  hearth,  and  the  mixture  kept  stirred  by  • 
workmen  to  expose  every  part  to  the  action  of  the  flame ; 
but  the  operation  is  now  carried  on  in  a furnace  with  a 
revolving  hearth,  so  that  the  stirring  is  done  mechani- 
cally. The  general  arrangement  of  a revolving  furnace 
is  as  follows.  The  Are  is  made  in  a fixed  furnace  at  one 
end,  from  which  the  flame  passes  lengthwise  through  the 
‘revolver,’  which  is  a large  horizontal  cylinder  or  drum 
sixteen  to  eighteen  feet  long.  This  drum  is  carried  on 
strong  cog-wheels,  which,  by  acting  upon  a toothed  girdle 
around  it,  cause  it  to  rotate  about  its  axis,  and  so  the 
charge  inside  is  kept  turning  over  so  as  to  bring  it  all 
into  contact  with  the  flame.  The  charge  put  into  this 
furnace  consists  of  about  30  cwt.  of  salt  cake,  20  cwt.  of 
coal,  30  cwt.  of  limestone — about  4 tons  in  all.  The 
chemical  changes  which  occur  in  this  stage  are  in  the 
main  represented  by  two  equations  : — 

i.  NaaSO^  +40  = Na2S  + 4 CO. 

Sodium  sulphate  with  carbon  forms  sodium  sulphide 
and  carbonic  oxide. 

ii.  Na2S  + CaCOa  = Na2C03  + CaS. 

Sodium  sulphide  with  calcium  carbonate  forms  sodium 
carbonate  and  calcium  sulphide. 

In  some  works  quicklime  is  used  together  with  the 
limestone,  by  which  modification  a better  product  is 
obtained. 

The  black  ash  contains  approximately 

Sodium  carbonate 40  per  cent. 

Calcium  sulphide 30  „ 

Lime  (CaO) 10  „ 

Coal,  limestone,  and  impurities  20  „ 

' There  is  thus  about  20  per  cent,  of  a mixture  of 
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unburnt  coal,  excess  of  limestone,  some  undecomposed 
salt  cake,  and  sodium  chloride,  besides  silica,  iron,  etc. 

III.  Lixiviation  of  the  Black  ash.  The  soluble  matters 
in  the  black  ash  are  next  washed  out  by  water.  The  ash  is 
placed  in  tanks,  conveniently  arranged  so  that  the  liquid 
can  be  run  from  one  to  the  other  in  succession,  and  it  is 
washed  first  with  strong  liquors,  and  then  with  weaker 
liquors,  and  lastly  with  pure  water,  the  object  being  to 
employ  the  least  possible  quantity  of  water,  and  to  dis- 
solve in  it  the  greatest  possible  quantity  of  soda.  In  this 
lixiviation  a quantity  of  caustic  soda  is  produced  by 
the  lime  (Ca  O)  in  the  black  ash  acting  on  the  sodium 
carbonate. 

The  saturated  liquids  are  next  evaporated  until  crys- 
tals of  sodium  carbonate  are  formed  in  them,  which  being 
scooped  out,  dried,  and  calcined,  yield  ‘ soda  ash  ’ (much 
employed  by  ^o<2/)-makers  and  y/<2^.y-makers),  and  by 
solution  and  recrystallisation  are  converted  into  ‘soda 
crystals’  (Na^CO^,  10H2O),  the  finished  product.  Further 
from  the  mother  liquors  of  the  black  ash  caustic  soda  is 
obtained. 

A process  for  the  direct  conversion  of  sodium  chloride 
into  carbonate  is  now  largely  coming  into  use  instead  of 
the  older  method.  It  is  called  the  Ammonia-Soda  pro- 
cess, and  depends  upon  the  action  of  ammonium  car- 
bonate upon  sodium  chloride  : — 

NaCl  + NH3  + H2O  + CO2  = NaHCOa  + NH^Cl. 

A solution  of  salt  in  strong  ammonia  is  brought  into 
an  iron  vessel,  and  carbon  dioxide  forced  in  : sodium 
bicarbonate  being  but  slightly  soluble  is  precipitated, 
and  sal-ammoniac  left  in  solution.  The  ammonia  is 
recovered  from  the  sal-ammoniac  by  acting  on  it  with 
lime  (or  magnesia),  and  used  for  a fresh  operation. 
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Sodium  Hydrate ; HaOH.  Caustic  Soda.  This  body 
is  obtained  when  sodium  acts  on  water,  but  is  manu- 
factured from  black  ash  liquors.  In  order  to  obtain 
sodium  hydrate  from  the  carbonate  in  the  liquors,  it  is 
necessary  to  add  lime  : — 

Na2C03  + Ca(0H)2  = 2NaOH  + CaCOg. 

The  liquid  is  concentrated  and  the  residue  heated  until 
all  the  water  is  driven  off. 

Sodium  hydrate  is  a powerful  caustic  alkali,  and 
generally  resembles  potash  in  chemical  characters.  It  is 
used  in  the  arts,  for  soap- making,  paper-making,  and 
generally  for  scouring  and  cleansing  purposes. 

Sodium  Carbonate,  Ha^COg,  in  the  anhydrous  state, 
is  a dry  white  powder  used  in  the  laboratory  as  a flux 
for  decomposing  silicates,  etc.  For  many  purposes  the 
double  salt  potassium  and  sodium  carbonate,  KNaCOg, 
is  preferred,  because  it  is  fusible  at  a lower  tempera- 
ture. When  crystallised  from  water  sodium  carbonate 
contains  Nag CO3, 10  H2  0 : it  is  used  for  household 
washing  purposes  under  the  name  of  soda. 

Sodium  Bicarbonate,  NaHCOg,  is  formed  from  the 
crystallised  carbonate  by  exposure  to  an  atmosphere  of 
carbonic  acid  gas. 

Sodium  Sulphate,  Na^SO^,  in  the  anhydrous  form  of 
salt  cake,  is  largely  used  by  glass-manufacturers.  It  is 
soluble  in  water,  and  crystallises  in  large  transparent 
crystals  (Na2S04,  loHgO),  known  as  Glauber’s  Salts. 
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AMMONIUM  SALTS. 

Gaseous  ammonia  unites,  as  we  have  seen,  directly 
with  acids  producing  crystalline  solids ; and  these  com- 
pounds are  salts  having  so  close  a resemblance  to  those 
of  the  alkali  metals,  that  they  are  frequently  spoken  of  as 
ammonium  salts,  and  are  supposed  to  contain  the  group 
NH4 — which  in  many  respects  resembles  an  alkali  metal. 
This  may  be  illustrated  .by  the  following  examples  : — 

NH3  + HCI  = NH^,  Cl  ammonium  chloride. 

NH3  + H2O  = NH4,  OH  „ hydrate. 

NH3+HNO3  = NH4,  NO3  ,,  nitrate. 

NH3  + H2S  = NH4,  HS  „ hydrosulphide. 

Ammonium  hydrate  is  an  alkaline  liquid,  resembling 
solution  of  potash  or  soda ; the  crystallised  salts  are 
frequently  similar  to  or  identical  in  form  (isomorphous) 
with  those  of  potassium.  Ammonium  chloride  crystal- 
lises in  cubes,  ammonium  nitrate  in  prisms  like  those  of 
potassium  nitrate,  and  ammonium  alum  is  in  crystalline 
form  identical  with  potash  alum. 

Ammonium  Chloride.  Sal-ammoniac.  TTH4CI. 

This  salt  is  made  from  the  ammoniacal  liquors  of  gas- 
works. They  are  usually  separated  from  tarry  impurities 
by  distillation,  and  neutralised  with  commercial  hydro- 
chloric acid : the  crude  salt  can  be  purified  by  sublima- 
tion. Sometimes  ammonium  sulphate  is  first  prepared 
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from  the  gas  liquors  and  converted  into  sublimed 
ammonium  chloride  by  being  heated  with  common  salt. 

(NHJa  SO4  + 2 Na  Cl  = Na,  SO4  + 2 NH^  CL 

The  compound  is  also  formed  by  the  direct  union  of 
gaseous  ammonia  with  gaseous  hydrogen  chloride. 

Ammonium  chloride  is  a white  fibrous  solid  in  the 
commercial  sublimed  form,  but  by  evaporation  of  the 
solution  may  be  obtained  in  cubic  crystals.  It  dissolves 
in  water,  with  a lowering  of  temperature,  and  volatilises 
when  heated  without  previous  fusion.  The  vapour 
density  of  ammonium  chloride  is  found  to  be  13-37,  or 
the  exact  mean  of  its  constituent  gases.  The  molecular 
weight  is  53*5 — 

[NH3  + HCl  = 17  + 36.5  = 53.5], 

and  .the  vapour  density  is  one-fourth  of  this  value. 
Hence,  it  appears  that  in  the  state  of  vapour  the  salt 
is  resolved  into  its  constituents  or  dissociated,  and  the 
vapour  is  a mixture  of  equal  volumes  of  hydrogen 
chloride  and  ammonia — 


NH4C1 

= 

HCl 

+ 

NH3 

The  supposition  that  this  dissociation  really  takes 
place  has  been  proved  to  be  correct  by  direct  experi- 
ment, and  free  ammonia  and  hydrogen  chloride  can  be 
detected  in  the  vapour  of  sal-ammoniac  by  their  effects 
on  litmus  paper. 

Ammonium  chloride,  like  potassium  chloride,  forms  a 
yellow  crystalline  salt  with  platinum  tetrachloride  ; the 
formulae  of  these  compounds  respectively  are — 

(NHd2PtClo  and  KsPtClo. 
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An  interesting  experiment  Avith  this  salt  is  its  con- 
version into  the  so-called  ammonium  amalgam.  A 
strong  solution  of  ammonium  chloride  is  poured  upon 
some  sodium  amalgam  previously  formed  by  dissolving 
sodium  in  mercury.  The  amalgam  swells  up  to  a bulky 
pasty  metallic  mass,  which  soon,  however,  decomposes, 
giving  off  free  ammonia  and  hydrogen  gas. 

Ammonium  Sulphate,  (H'H4)2S04,  is  obtained  from 
ammoniacal  gas  liquors  by  using  sulphuric  acid  for 
neutralising  them.  It  is  frequently  mixed  with  other 
fertilising  substances  in  artificial  manures. 

Ammonium  Carbonate,  (NH4)2C03. 

True  normal  carbonate  is  difficult  to  obtain,  and  diffi- 
cult to  keep,  owing  to  the  rapidity  with  which  it  loses 
ammonia ; it  may  be  formed  by  treating  ordinary  car- 
bonate of  ammonia  with  strong  aqueous  ammonia. 

Commercial  carbonate  of  ammonia — sal  volatile  or 
smelling  salts — is  a white  solid  substance  made  by  heat- 
ing  together  sal-ammoniac  and  chalk.  It  is  a compound 
body  containing  ammonium  bicarbonate,  NH4,H,  CO3, 
and  ammonium  carbamate,  NH4,  NH2CO2.  This  last 
salt  is  formed  by  the  union  of  two  molecules  of  dry 
ammonia  with  carbon  dioxide  CO^),  and  by  ad- 

dition of  water  becomes  converted  into  bicarbonate. 

Ammonium  Hydrate,  or  solution  of  ammonia,  has  been 
described.  In  its  strong  alkaline  characters  it  resembles 
caustic  potash. 

Ammonium  Sulphide  is  much  used  as  a reagent  for 
laboratory  purposes.  It  is  made  by  passing  hydrogen 
sulphide  into  ammonia — 

NH3  + H,S  = NH4HS. 

The  liquid  which  contains  ammonium  hydrosulphide  is 
colourless  when  first  made,  but  turns  yellow  by  keeping, 
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and  then  contains  polysulphides  of  ammonium:  this 
yellow  solution  treated  with  acids  gives  off  hydrogen 
sulphide,  and  deposits  sulphur  in  the  form  of  a white 
amorphous  powder. 

Ammonium  salts  are  all  decomposed  by  heating  with 
the  fixed  alkalies,  potash  and  soda,  or  the  alkaline  earths, 
lime,  baryta,  etc.,  gaseous  ammonia  being  evolved,  which 
may  be  recognised  by  its  odour  and  behaviour  with 
turmeric  paper. 


CHAPTER  XVIII. 


DYAD  METALS.  THE  ALKALINE  EARTHS. 

The  dyad  metals,  although  forming  a single  series  of 
elements  in  the  ‘ periodic  ’ arrangement,  yet  fall  into 
two  distinct  groups,  of  which  the  metals  magnesium  and 
calcium  may  be  taken  as  types.  The  following  are  the 
members  of  the  two  groups,  with  their  atomic  weights : — 

Beryllium  Be  9.  Calcium  Ca  40. 

Magnesium  Mg  24.  Strontium  Sr  87. 

Zinc  Zn  65.  Barium  Ba  137. 

Cadmium  Cd  112. 

The  oxides  of  the  dyad  metals  are  earthy  powders, 
and,  with  the  exception  of  cadmium  oxide,  white  at 
ordinary  temperatures  ; they  are  generally  infusible  and 
non-volatile.  But  the  oxides  of  the  calcium  group  have 
a great  affinity  for  water,  and  are,  to  a certain  extent, 
soluble  in  it,  forming  alkaline  solutions,  and  these  solu- 
tions of  soluble  hydrates  will  precipitate  the  insoluble 
hydrates  of  the  metals  of  the  magnesium  group  from  their 
dissolved  salts.  The  metals  of  the  calcium  group  alone 
can  form  definite  peroxides. 

Magnesium  and  the  metals  allied  with  it  are  per- 
manent in  air,  not  forming  oxides  at  ordinary  tempera- 
tures ; but  the  metals  of  the  calcium  group  attract 
oxygen  eagerly  from  the  air,  and  can  only  be  kept 
under  rock  oil  or  in  an  inert  gas.  In  respect  of  the 
solubility  of  the  sulphates  very  considerable  differences 
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exist,  for,  while  sulphates  of  magnesium,  zinc,  and  cad- 
mium are  freely  soluble  in  water,  those  of  calcium, 
strontium,  and  barium  are  dissolved  only  sparingly. 
Alkaline  Earths. 


The  following  are  the  chief  compounds  formed  by  the 
metals  of  this  group : — 


CaO  Lime. 

SrO  Strontia. 

Ca(0H)2  Calcium  hydrate. 

Sr(0H)2  Strontium  hydrate. 

Ca02  ,, 

peroxide. 

SrOa  „ 

peroxide. 

CaCl2 

chloride. 

SrCb 

chloride. 

CaS04  „ 

sulphate. 

SrS04  ,, 

sulphate. 

CaN2  0e  ,. 

nitrate. 

SrNaOg 

nitrate. 

Ba  0 Baryta. 

BafOH)2  Barium  hydrate. 
BaOg  ,,  peroxide. 

BaClo  „ chloride. 
BaS04  „ sulphate. 
BaN2  0g  „ nitrate. 


Calcium;  Ca.  Atomic  weight,  40. 

Calcium  is  by  far  the  most  abundant  metal  of  the 
group,  and  in  the  form  of  carbonate — chalk  and  the 
various  limestones — forms  enormous  rock  masses  in 
different  parts  of  the  world.  In  some  districts  the  sul- 
phate— gypsum — is  found  in  considerable  quantities. 
The  chief  native  varieties  of  calcium  carbonate,  or  car- 
bonate of  lime,  CaCOg,  are  (i)  the  amorphous  forms  chalk 
and  various  kinds  of  limestone ; (ii)  the  crystalline-forms 
of  marble,  and  (iii)  the  well-crystallised  forms  of  calcite, 
or  Iceland  Spar,  and  Aragonite.  Fluor  spar,  CaF2,  is 
found  as  a mineral ; it  crystallises  in  cubes. 

Metallic  calcium  may  be  obtained  by  electrolysis  of 
the  fused  chloride,  or  the  action  of  metallic  sodium  on 
the  chloride.  The  metals  strontium  and  barium  may 
be  obtained  by  similar  methods.  They  readily  oxidise  in 
the  air,  burning  brilliantly  if  heated,  and  are  commonly 
' preserved  in  petroleum. 
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Calcium  Carbonate.  This  compound  is  produced 
artificially  by  precipitation  of  a calcium  salt  with  a 
soluble  carbonate,  e.  g. — 

CaCb  + Na2C03  = CaCOj  + 2NaCl. 

Calcium  chloride  with  sodium  carbonate  forms  cal- 
cium carbonate  and  sodium  chloride. 

It  is  also  precipitated  by  passing  carbonic  acid  gas 
into  lime  water.  Carbonate  of  lime  is  only  dissolved 
to  a minute  extent  by  pure  water,  but  water  containing 
carbonic  acid  is  able  to  dissolve  it  in  considerable 
quantity.  This  may  easily  be  shown.  Dilute  some  lime 
water  by  adding  an  equal  quantity  of  distilled  water,  and 
pass  a stream  of  carbonic  acid  gas  into  the  liquid  until 
it  becomes  milky ; the  white  precipitate  which  separates 
is  calcium  carbonate.  Let  the  passing  of  the  gas  con- 
tinue for  a time,  and  the  precipitate  will  gradually  re- 
dissolve and  the  liquid  become  clear  as  at  the  beginning. 
The  change  is  due  to  the  formation  of  a soluble  calcium 
bicarbonate,  and  if  the  clear  solution  be  divided  into  two 
parts,  we  shall  find  on  boiling  one  portion  that  the  liquid 
becomes  milky  again,  carbonic  acid  is  driven  off,  and  the 
insoluble  carbonate  precipitates.  If  clear  lime-water  be 
added  to  the  second  portion,  a precipitate  is  also  pro- 
duced, for  the  lime-water  neutralising  the  carbonic  acid 
causes  an  entire  precipitation  of  the  calcium  carbonate 
in  solution.  We  may  represent  these  operations  by  the 
following  equations  : — 

i.  Ca(OH),  + CO.  =CaC03  + H2  0. 

ii.  Ca(0H)2“  + 2C62  = CaH2C2  06. 

In  the  first  case  insoluble  carbonate  is  formed,  and  in 
the  second  soluble  bicarbonate — 

iii.  CaH2C20g=-CaC0;,  + CO2  + ILO. 

iv.  CaH2C2  03  + Ca(OH)2  = 2CaC03  2H2O. 
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. The  soluble  bicarbonate  is  converted  into  the  insoluble 
carbonate  by  (iii)  expulsion  of  carbonic  acid,  or  (iv)  by 
neutralising  with  lime. 

These  facts  have  an  important  practical  bearing  in 
relation  to  the  hardness  of  water.  In  limestone  dis- 
tricts water  is  what  is  termed  hard  owing  to  the  diffi- 
culty with  which  it  forms  a lather  with  soap,  and  the 
hardness  is  caused  by  the  presence  of  salts  of  lime  (and 
possibly  also  of  magnesia)  in  the  water.  When  a soluble 
soda  soap  is  used  with  such  waters  an  insoluble  lime  soap 
is  formed ; the  soluble  sodium  stearate  being  converted 
into  calcium  stearate,  which  curdles  and  separates,  and 
a lather  will  not  form  until  all  the  lime  has  been  thus 
removed.  Another  difficulty  with  hard  waters  arises  from 
the  deposit  of  crust  or  fur  in  steam  boilers  and  kettles  ; 
the  incrustation  being  caused  by  the  deposition  of  cal- 
cium carbonate  when  the  water  is  heated,  carbonic  acid 
being  expelled.  For  the  purpose  of  softening  water  in 
steam  boilers,  caustic  soda  and  alkaline  salts  may  be 
used,  but  such  bodies  are  not  - admissible  in  drinking 
waters.  Water  for  domestic  use,  and  especially  chalk 
waters,  may  be  successfully  softened  on  a large  scale 
by  the  addition  of  lime. 

Clarke’s  Soap  Test.  In  order  to  estimate  the  degree 
of  hardness  in  any  water  a standard  solution  of  soap  is 
used.  A measured  quantity  of  the  water — 50  cc. — is 
poured  into  a bottle,  and  the  soap  solution  added  from 
a graduated  burette,  the  bottle  being  vigorously  shaken 
after  each  addition.  After  a time  a lather  is  produced, 
and  when  the  soap  bubbles  remain  unbroken  for  some 
minutes,  the  quantity  of  soap  solution  which  has  been 
used  is  read  off  and  the  value  thus  obtained  indicates 
the  degree  of  hardness  of  the  water. 

' The  soap  solution  itself  is  previously  standardised 
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by  water  artificially  prepared  with  a known  amount  of . 
lime  in  solution. 

Lime.  CaO.  Calcium  Oxide.  The  practice  of  burn- 
ing limestone  to  make  lime  is  one  of  great  antiquity. 
When  calcium  carbonate  is  strongly  heated,  carbon  di- 
oxide is  driven  off,  leaving  quick-lime.  A high  temperature 
is  required,  and  a certain  amount  of  moisture  in  the 
air  is  necessary  to  the  success  of  the  operation.  For 
chemical  uses  marble  is  sometimes  heated  in  a crucible 
in  a furnace  to  furnish  a purer  form  of  lime.  ^ 

Lime  when  exposed  to  the  air  absorbs  water  and  car- 
bonic acid,  falling  into  a bulky  white  powder.  If  water 
is  poured  upon  lumps  of  freshly -hurnt  lime,  much  heat  is 
developed  and  the  lumps  swell  greatly,  becoming  con- 
verted into  a powder  of  slaked  lime  or  calcium  hydrate, 
Ca(OH)2. 

The  expansive  force  produced  by  the  swelling  of  lime 
when  wetted  is  now  utilised  in  getting  coal  when  it  is 
desirable  to  avoid  using  gunpowder ; cartridges  of  quick- 
lime placed  in  boreholes  when  wetted  expand,  and  so 
dislocate  large  masses  of  coal.  ^ 

Calcium  hydrate  mixed  with  water  forms  a creamy 
liquid — milk  of  lime — which  becomes  clear  on  stand- 
ing. The  clear  lime-water  contains  about  one-seven 
hundredth  part  of  dissolved  lime,  and  is  feebly  alkaline 
and  caustic. 

Slaked  lime  mixed  with  sand  is  used  as  a mortar 
for  building  purposes.  Hydraulic  mortars  are  either 
made  from  limestones  (such  as  Blue  Lias  Stone),  which 
contain  an  admixture  of  clay,  or  from  artificial  mixtures 
of  chalk  and  clay.  They  have  the  property  of  setting 
hard  under  water. 

Calcium  Chloride ; Ca  CI2.  This  compound  is  ob- 
tained by  dissolving  the  carbonate  in  hydrochloric  acid 
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and  evaporating  the  liquid.  If  dried  at  a strong  heat 
it  forms  a white  porous  mass ; but  if  the  evaporation  is 
stopped  at  the  right  point,  crystals  of  CaCl2,  6 H^O  can 
be  obtained.  It  is  a deliquescent  salt,  absorbing  water 
from  the  air  and  liquef}dng  ; it  is  very  soluble  both  in 
water  and  in  alcohol.  The  anhydrous  salt,  on  account 
of  its  attraction  for  water,  is  much  used  for  drying 
gases,  etc.  It  fuses  at  a red  heat,  and  the  fused  sub- 
stance, by  the  action  of  a powerful  electric  current, 
splits  up  into  calcium  and  chlorine. 

Calcium  Sulphate  ; Ca  SO4.  The  native  forms  of  this 
compound  containing  water  are  gypsum,  alabaster,  and 
crystals  of  selenite  (CaS04,  ^H^O).  It  is  found  without 
water  as  anhydrite,  CaSO^.  Calcium  sulphate  is  a com- 
mon constituent  in  natural  waters.  It  is  only  moderately 
soluble  in  water,  and  is  thrown  down  by  adding  sul- 
phuric acid  or  a sulphate  to  a fairly  strong  solution  of 
the  chloride. 

Gypsum  is  employed  for  the  manufacture  of  ‘ Plaster 
of  Paris.’  When  heated  to  about  2 50°  C.  water  is  given 
off  and  a white  substance  left,  which  has  the  property 
of  re-combining  with  water  to  form  a hard  mass.  The 
act  of  hydration  is  accompanied  by  a rise  of  tempe- 
rature. 

Calcium  salts,  when  volatilised  in  the  flame  of  a 
Bunsen  burner,  produce  a brick-red  coloration. 


Strontium ; Sr.  Atomic  weight,  87. 

Strontium  is  not  very  abundant,  although  local  de- 
posits in  quantity  are  met  with.  The  chief  strontium 
minerals  are  celestine,  Sr  SO4,  and  strontianite,  Sr  CO3 ; 
the  metal  is  frequently  present  in  both  calcium  and 
' barium  minerals. 
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Strontia ; SrO.  This  oxide  is  obtained  by  strongly 
heating  the  nitrate  (not  from  the  carbonate).  It  is 
caustic  and  alkaline,  and  soluble  in  water. 

Strontium  Carbonate,  SrCOg,  is  formed  by  precipitation 
of  strontium  chloride  with  an  alkaline  carbonate. 

Strontium  Nitrate,  SrN20g,  is  prepared  by  dissolving 
the  carbonate  in  nitric  acid  ; the  salt  is  chiefly  used  for 
making  red  fire. 

Strontium  Sulphate,  SrSO^,  is  formed  as  an  insoluble 
precipitate  upon  the  addition  of  sulphuric  acid  or  a 
sulphate  to  solution  of  the  chloride  or  nitrate.  It  is 
less  soluble  than  calcium  sulphate,  but  more  so  than 
barium  sulphate.  Most  of  the  compounds  of  strontium 
impart  a bright  crimson  tint  to  the  flame  of  a Bunsen 
burner.  In  chemical  properties  the  salts  of  strontium 

are  intermediate  between  those  of  the  allied  metals  cal- 

♦ 

cium  and  barium. 

Barium ; Ba.  Atomic  weight,  137. 

The  chief  mineral  forms  in  which  barium  is  found  are 
Heavy  Spar,  Ba  SO4,  and  Witherite,  Ba  CO3.  To  obtain 
barium  chloride,  the  sulphate  is  mixed  with  carbon  and 
heated,  whereby  a reduction  to  sulphide  takes  place, — 

BaSO^  + C^  = BaS  + 4CO, 

and  by  treatment  of  the  sulphide  with  dilute  hydro- 
chloric acid  a solution  of  chloride  is  obtained ; or  other- 
wise, a mixture  of  heavy  spar  with  carbon  and  calcium 
chloride  is  heated,  the  barium  being  at  once  obtained  as 
chloride,  and  the  calcium  as  sulphide ; the  two  products 
are  separated  by  washing,  when  the  barium  chloride 
dissolves  out. 

Barium  Chloride,  Ba  Cl^,  is  a white  anhydrous  salt, 
soluble  in  water,  but  differs  from  calcium  chloride  in 
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not  being  deliquescent : it  is  useful  as  a laboratory 
reagent. 

Barium  Nitrate,  Ba  N.^Og,  is  most  easily  obtained  by 
dissolving  Witherite  (barium  carbonate)  in  dilute  nitric 
acid,  and  evaporating  the  solution  till  crystals  form.  It 
is  soluble  in  water,  but  not  deliquescent.  This  salt  is 
used  in  the  preparation  of  green  fire. 

Barium  Oxide  or  Baryta ; Ba  O.  This  oxide  is  ob- 
tained, like  strontia,  by  strongly  heating  the  nitrate, 
when  it  is  left  as  a greyish  porous  mass.  It  combines 
with  water  and  carbonic  acid  with  more  avidity  even 
than  lime,  and  is  more  soluble  than  the  latter  in  water. 
Baryta  water  is  a caustic  alkaline  liquid  ; it  absorbs 
carbonic  acid  readily,  and  may  be  used  as  a test  for  that 
gas ; when  evaporated  the  solution  deposits  crystals  of 
barium  hydrate,  BaO^Hg,  8H2O. 

Caustic  Baryta  is  obtained  for  commercial  purposes 
by  an  interesting  process.  Barium  sulphide  is  prepared 
from  heavy  spar  as  above  described,  and  the  sulphide 
is  converted  into  carbonate  by  contact  with  carbonic  acid. 
The  carbonate  is  then  subjected  to  the  action  of  super- 
heated steam,  when  the  following  change  takes  place  : — 

BaC03  + H2O  = Ba(0H)2  + CO2. 

Barium  carbonate  and  steam  produce  barium  hydrate 
and  carbon  dioxide. 

Barium  Dioxide  ; Ba  Og . Baryta  absorbs  oxygen  at 
a red  heat,  forming  the  dioxide  : this  is  a white  powder, 
soluble  in  dilute  hydrochloric  acid,  and  producing  hy- 
drogen dioxide, — 

Ba02  + 2HCI  = BaCb  + H2O2. 

Barium  dioxide,  when  strongly  heated,  gives  off  oxygen, 
leaving  baryta ; and  a process  for  the  commercial  pre- 
' paration  of  oxygen  by  this  method  is  in  successful 
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operation.  Pure  baryta  is  heated  in  a retort,  and  diy 
air  free  from  carbonic  acid  is  pumped  in  so  long  as 
the  oxygen  is  taken  up,  the  nitrogen  being  allowed  to 
escape  ; then,  on  raising  the  temperature,  oxygen  is  given 
off,  which  is  pumped  out  from  the  retorts  into  holders,  and 
when  the  oxygen  has  been  exhausted,  a fresh  quantity 
of  air  is  pumped  in  and  the  operation  can  be  repeated  an 
indefinite  number  of  times  with  the  same  baryta. 

Barium  Carbonate  ; Ba  CO3.  This  compound  is  found 
native  as  Witherite,  and  may  be  artificially  prepared  as 
a white  powder  by  precipitating  barium  solutions  with 
soluble  carbonates. 

Barium  Sulphate ; Ba  SO4.  The  mineral  form  of 
barium  sulphate  is,  as  its  name  Barytes  or  Heavy  Spar 
implies,  remarkable  for  its  weight,  the  density  being  4’5- 
This  compoundis  precipitated  by  the  addition  of  sulphuric 
acid,  or  any  sulphate,  to  a solution  of  barium  chloride, 
etc.,  and  is  a remarkably  insoluble  substance.  It  is 
almost  entirely  insoluble  in  water,  and  very  slightly 
soluble  in  acids.  Solutions  of  calcium  sulphate,  or  of 
strontium  sulphate,  are  employed  as  a test  for  barium, 
as  when  mixed  with  barium  solutions  they  produce  a 
precipitate  of  the  extremely  insoluble  sulphate. 

Barium  salts  impart  a green  colour  to  the  fiame  of  a 
Bunsen  burner. 
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DYAD  METALS.  BEKYLLIUM,  MAGNESIUM,  ZINC, 

AND  CADMIUM. 

The  metals  of  this  group  are  permanent  in  air,  but 
when  heated  burn  readily  and  produce  oxides.  They 
are  all  volatile ; but  while  magnesium  is  vaporised  with 
difficulty,  zinc  and  cadmium  are  distilled  with  ease.  The 
following  are  some  of  the  typical  compounds  of  these 
elements : — 

MgO  Magnesium  oxide.  ZnO  Zinc  oxide. 

MgCl.2  ,,  chloride.  ZnCb  ,,  chloride. 

MgNoOg  ,,  nitrate.  . ZnNoOg  ,,  nitrate. 

MgS04,  7H2O  „ sulphate.  ZnS04,  „ sulphate. 

CdO  Cadmium  oxide. 

CdCl,  ,,  chloride. 

CdN^Og  „ nitrate. 

CdS04  ,,  sulphate. 

Beryllium;  Be.  Atomic  weight,  9. 

The  rare  metal  beryllium  found  in  Teryl,  3BeO, 
AI2O3,  SigOg,  belongs  to  the  dyad  group  of  metals,  and 
bears  a general  resemblance  to  magnesium  in  the  char- 
acter of  its  compounds. 

Magnesium  ; Mg.  Atomic  weight,  24. 
Molecular  weight  [?].  Specific  gravity,  1-7. 

Magnesium  is  a less  abundant  element  than  calcium, 
but  is  almost  invariably  found  in  association  with  it. 
Magnesium  carbonate  is  found  as  magnesite.  Mg  CO3, 
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but  usually  occurs  along  with  calcium  carbonate  in  dolo- 
mite and  magnesian  limestone.  Magnesium,  as  silicate, 
enters  into  the  composition  of  numerous  minerals.  The 
sulphate  and  carbonate  may  be  found  in  many  natural 
waters,  and  from  the  bitter  mother  liquors  left  after  the 
evaporation  of  sea  water  both  sulphate  and  chloride 
can  be  obtained.  A double  chloride  of  magnesium  and 
potassium,  known  as  Carnallite  (MgCl2,  KCl,  6H.fi),  is 
worked  at  Stassfurt  for  the  preparation  of  salts  of  the 
two  metals. 

The  metal  Magnesium  is  manufactured  from  the 
chloride  by  the  action  of  metallic  sodium  at  a high  tem- 
perature. It  can  be  obtained  also  by  electrolysis  of  the 
fused  chloride.  It  is  a white,  very  light  metal  (sp.  gr. 
T *7),  permanent  in  air,  but  slowly  becoming  covered  with 
a film  of  oxide  in  moist  air.  It  dissolves  readily  in  dilute 
acids  with  liberation  of  hydrogen. 

Mg  + 2HCl  = MgCl2  + H2. 

A strip  of  ribbon  of  metal  burns  with  a bright,  very 
white  flame  forming  the  oxide,  MgO. 

Magnesium  Sulphate,  MgSO^,  7H2O. 

This  compound,  known  also  as  Epsom  salts,  is  ob- 
tained from  the  mother  liquors  of  sea  water,  or  by  dis- 
solving the  native  carbonate  in  sulphuric  acid.  It  is 
readily  soluble  in  water  and  has  a bitter  saline  taste. 
A native  form  of  the  sulphate  is  known  as  Kieserite, 
MgS04,H.20;  it  is  almost  as  insoluble  in  water  as 
gypsum,  but  by  long  contact  with  water  sloAvly  changes 
into  Epsom  salts,  MgSO^,  71^2^’  passes  into  a 
soluble  condition. 

Magnesium  Carbonate,  Mg  CO3,  is  obtained  by  adding 
the  sulphate  to  a cold  solution  of  sodium  carbonate  : 
but  if  the  solutions  are  hot  the  precipitate  is  basic 
carbonate,  i.e.  a mixture  of  hydrate  and  carbonate. 


Magnesium  Salts.  183 

Ad  ingenious  process  for  the  manufacture  of  magnesium 
carbonate  was  devised  by  Pattinson.  Dolomitic  lime- 
stone is  gently  ignited  so  that  the  carbonate  of  magnesia 
decomposes,  while  the  carbonate  of  lime  remains  un- 
altered ; it  is  then  treated  with  carbonic  acid  and  water 
under  considerable  pressure,  and  the  magnesia  passes 
abundantly  into  solution  as  bicarbonate  leaving  the  bme 
undissolved.  The  solution  thus  obtained  being  heated  by 
steam,  deposits  the  dissolved  magnesia  in  the  form  of 
a light  white  powder. 

Magnesium  Chloride,  Mg  CI2.  A solution  of  the 
chloride  is  obtained  by  dissolving  either  the  metal  or 
(more  economically)  the  carbonate  or  oxide  in  hydro- 
chloric acid.  The  liquid,  by  slow  evaporation,  deposits 
crystals,  MgCl2,6H2  0,  which  on  heating  decompose, 
hydrochloric  acid  being  expelled  and  magnesia  left.  To 
prepare  the  anhydrous  chloride,  a double  salt  must  first 
be  made  by  adding  ammonium  chloride  to  the  solution 
(NH4CI,  MgCl2,  6H2O)  : this  compound  if  carefully 
heated  leaves  a residue  of  the  chloride,  Mg  CI2 , while  the 
ammonium  salt  volatilises. 

Magnesium  Oxide,  Magnesia,  MgO. 

The  oxide  is  made  by  heating  the  carbonate  to  low 
red  heat,  when  it  loses  all  its  carbon  dioxide  and  no 
longer  effervesces  with  acids.  When  lime-water  is  added 
to  a solution  of  magnesium  chloride,  etc.,  a precipitate 
of  the  hydrate  is  formed,  Mg(OH)2.  Both  magnesia  and 
the  hydrate  are  to  a slight  degree  soluble  in  water,  but 
the  solution  shows  a very  feeble  alkalinity.  The  hydrate, 
carbonate,  and  oxalate  of  this  metal  are  insoluble  in  pure 
water,  but  are  readily  soluble  in  presence  of  ammonium 
salts  such  as  ammonium  chloride.  Magnesium  is  identi- 
fied, in  analysis,  by  the  fact  that  it  forms  a crystalline 
double  salt  with  phosphates  in  the  presence  of  ammonia 
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and  ammonium  chloride  ; the  formula  of  the  salt  being 

MgNH4,  PO4.  6H2O. 


Zinc  ; Zn.  Specific  gravity,  7*0. 

. Atomic  weight,  65.  Molecular  weight,  65. 

The  chief  ores  of  zinc  are  the  sulphide  or  blende,  ZnS, 
the  oxide,  ZnO,  and  the  carbonate  or  calamine,  Zn  CO^ ; 
and  there  is  also  a silicated  calamine,  Zn2Si04.  To  ob- 
tain the  metal  the  ores  are  roasted,  whereby  zinc  oxide 
is  formed,  the  sulphur,  if  present,  burning  off  as  sulphur 
dioxide.  A mixture  of  this  oxide  with  powdered  carbon 
(coal  or  coke)  is  placed  in  a retort  which  can  be  heated 
strongly  from  the  outside  ; the  zinc  oxide  is  reduced, 
and  the  metal  being  volatile  passes  from  the  retort,  and 
is  collected  in  receivers. 

ZnO  + C = Zn  + CO. 

The  boiling-point  of  zinc  is  940°C.  ; it  melts  at  about 
430°.  When  strongly  heated  in  the  air  it  takes  fii'e, 
burning  with  a bluish-white  flame  and  producing  flakes 
of  white  oxide. 

Zinc  is  a bluish-white  crystalline  metal  and  brittle 
under  ordinary  conditions,  but  it  has  the  remarkable 
property  of  becoming  malleable  and  workable  if  moder- 
ately heated;  and  at  a temperature  of  100°  to  150°  it  can 
be  rolled  into  sheets. 

Clean  iron  brought  into  a bath  of  melted  zinc  becomes 
alloyed  on  the  surface  with  an  adherent  coating : the 
product  is  technically  known  as  galvanised  iron. 

Dilute  sulphuric  or  hydrochloric  acids  and  also  potash 
dissolve  metallic  zinc  with  a liberation  of  hydrogen  gas. 

Zinc  Oxide,  Zn  O.  The  oxide  is  obtained  when  the 
metal  burns  in  air  and  oxygen,  but  is  best  prepared  by 
heatinir  the  carbonate.  A solution  of  sodium  carbonate 
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precipitates  zinc  carbonate,  more  or  less  mixed  with 
hydrate,  which,  when  washed,  dried,  and  ignited,  is 
chanored  into  the  oxide.  The  oxide  is  a white  infusible 

O 

solid  which  turns  j^ellow  when  heated. 

Zinc  Hydrate,  Zn(OH).2,  is  precipitated  by  ammonia 
or  alkalies  from  zinc  solutions.  It  dissolves  in  potash 
or  soda,  probably  forming  with  potash  Zn(OK)2. 

Zinc  Sulphide,  Zn  S.  When  neutral  or  alkaline  solu- 
tions of  zinc  are  treated  with  hydrogen  sulphide  a white 
precipitate  of  zinc  sulphide  (hydrated)  is  obtained  ; the 
precipitation  is  prevented  by  the  presence  of  free  mineral 
acid.  The  same  white  sulphide  is  formed  when  am- 
monium sulphide  is  added  to  solutions  containing  zinc ; 
the  reaction  is  a useful  test  for  this  metal. 

Zinc  Sulphate,  ZnSO^,  7H2O.  This  is  a white  crys- 
talline salt,  resembling  Epsom  salts  in  appearance  : it 
has  an  astringent  taste  and,  like  other  soluble  zinc  salts, 
is  poisonous.  Zinc  sulphate  is  formed  by  dissolving  either 
the  metal,  the  oxide  or  carbonate,  in  sulphuric  acid. 

Zinc  Chloride,  ZnCl2.  The  chloride  is  formed  when 
metallic  zinc  dissolves  in  hydrochloric  acid  ; on  evapora- 
tion of  the  liquid  a white  solid  is  obtained  which  is 
extremely  deliquescent.  A strong  solution  of  this  com- 
pound corrodes  and  chars  organic  substances  ; solid  zinc 
chloride  is  used  in  surgery  as  a caustic ; the  solution, 
when  diluted,  is  employed  for  an  antiseptic  or  dis- 
infectant, and  is  known  as  Sii*  William  Burnett’s  fluid. 


Cadmium ; Cd.  Specific  gravity,  8-6. 

Atomic  weight,  112.  Molecular  weight,  112. 

Cadmium  is  associated  in  nature  with  zinc,  and  is 
rarely  found  except  in  zinc  ores.  It  reduces  along  with 
'the  zinc  in  the  manufacture  of  that  metal,  and  beino; 


Cadmium. 


1 86 

more  easily  volatile  distils  off  with  the  first  portions  of 
the  zinc ; and  these  being  kept  apart  are  afterwards  used 
for  preparing  the  metal. 

Cadmium  is  a white  metal,  permanent  in  air,  and  re- 
sembling zinc  in  many  physical  and  chemical  characters. 
It  melts  at  3i5°C.,  and  at  a temperature  of  772°  boils  and 
passes  into  vapour.  If  a piece  of  metallic  cadmium  in  a 
hard  glass  tube  be  heated  in  a current  of  hydrogen,  the 
metal  distils,  and  on  ccoling,  bright  globules  with  crys- 
talline facets  are  obtained. 

Cadmium  Oxide,  Cd  O.  The  anhydrous  oxide  of  cad- 
mium is  hrown  in  colour,  in  this  respect  differing  from 
the  other  oxides  of  the  group,  all  of  which  are  white.  It 
may  be  made  by  igniting  either  the  hydrate,  carbonate, 
or  nitrate.  Cadmium  hydrate,  Cd(OH)2,  is  white;  it  is 
precipitated  from  the  solutions  b}^  alkalies,  is  soluble  in 
ammonia,  but  not  in  potash — in  this  latter  particular 
differing  from  zinc. 

Cadmium  Sulphide,  Cd  S.  The  sulphide  is  obtained  as 
a yellow  precipitate  by  treating  cadmium  solution  with 
hydrogen  sulphide.  It  is  soluble  in  acids,  and  the  pre- 
cipitation is  prevented  by  the  presence  of  an  excess  of 
free  mineral  acid.  Yellow  cadmium  sulphide  is  em- 
ployed as  a pigment. 

Cadmium  Sulphate,  Cd  SO4.  Most  of  the  salts  of 
cadmium  are  white  in  colour,  and  the  sulphate  is  a white 
crystalline  salt,  containing  somewhat  variable  quantities 
of  water  according  to  the  conditions  under  which  the 
solution  is  crystallised.  A solution  of  the  sulphate  is 
made  by  dissolving  cadmium  metal,  oxide,  sulphide,  or 
carbonate  in  sulphuric  acid. 
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Vapour  density  and  Molecular  weight. 

The  specific  gravities  and  the  atomic  weights  of  the 
metals  magnesium,  zinc,  and  cadmium  increase  together, 
but  the  series  of  numbers  representing  their  fusibility 
and  volatility  is  in  descending  order  : — 


At.  wt. 

?p.  gr. 

Melt.  pt. 

Boil.  pt. 

Vapour  densy. 

Magnesium 

24 

17 

?5oo 

?IIOO 

? 

Zinc 

65 

70 

430 

940 

325 

Cadmium 

II2 

8-6 

315 

772 

56 

The  vapour  density  of  the  metal  magnesium  is  un- 
known, partly  because  of  the  high  temperature  at  which 
the  metal  volatilises,  but  the  vapour  densities  of  both 
zinc  and  cadmium  are  well  ascertained ; the  values 
being  approximately  32-5  and  56. 

The  molecular  weights,  therefore,  of  these  elements  are 
65  and  1 1 2,  and  are  identical  with  the  atomic  weights. 

The  vapour  density  of  an  organic  zinc  compound, — 
zinc  ethyl,  Zn(C2 115)2, — been  found  by  experiment  to 
be  61-5,  which  accords  with  the  formula,  i.  e. 

= 61.5. 


CHAPTEE  XX. 


TRIAD  METALS.  ALUMINTUxM. 

The  only  members  of  the  triad  series  of  elements 
commonl}^  met  with  are  Boron  and  Aluminium ; all 
the  rest  are  rare  metals  (Gallium,  Indium,  Thallium). 

Aluminium  is  the  most  abundant  of  all  metals,  and 
of  the  three  elements  of  which  the  crust  of  the  earth  is 
principally  composed,  viz.  oxygen,  silicon,  aluminium, 
it  comes  third  in  order  of  quantity. 

Alumimiim ; Al.  Atomic  weight,  27.  Specific  gravity,  2-6. 

The  metal  aluminium  exists  in  nature  chiefly  as  sili- 
cate : it  is  the  metal  of  clay,  and  enters,  as  a silicate, 
into  the  composition  of  an  enormous  number  of  minerals 
and  rocks.  Pure  clay  or  Kaolin  is  Al2Si2  0.^,  2H2O,  and 
results  from  the  decomposition  of  felspar  from  granite  : — 
[Felspar  K2ALO4,  81^012  or  2KAlSi30g]. 

The  varieties  of  clay-slates  and  shales  consist  chiefly 
of  aluminium  silicate. 

The  oxide  Al^  O3  occurs  in  the  extremely  hard  minerals 
or  gems  corundum,  emery,  sapphire,  and  ruby,  or  com- 
bined with  magnesia  as  Mg  AI2  in  spinel.  Cryolite 
is  a double  fluoride  of  sodium  and  aluminium,  Na3  Al  F^;. 

It  is  very  diflicult  to  prepare  aluminium  from  the 
oxide,  as  carbon  only  decomposes  this  body  at  the  most 
intense  heat  obtainable.  Eeduction  takes  place  when 
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alumina  mixed  with  carbon  is  placed  between  the  carbon 
poles  of  a powerful  voltaic  arc,  and  the  metal  is  now 
manufactured  in  large  quantity  by  this  method. 

The  metal  is  brilliant  white  in  colour,  takes  a high 
polish,  and  does  not  tarnish  in  air ; it  is  remarkably 
resonant  when  struck  ; very  tough  and  light,  and  can 
be  forged  and  worked  into  almost  any  shape.  If  it 
were  produced  at  less  cost  it  would  probably  come 
very  largely  into  use. 

Aluminium  does  not  oxidise  in  air  even  when  heated, 
but  it  may  be  burnt  in  oxygen  gas.  Nitric  acid  is 
almost  without  effect  on  it ; but  with  chlorine  gas  it 
enters  energetically  into  combination  or  dissolves  freely 
in  hydrochloric  ’ acid : also  in  potash  it  dissolves  with 
hberation  of  hydrogen. 

The  following  are  the  most  important  and  typical 
compounds : — 

AI.2O3,  Aluminium  oxide. 

A1  (OH)^,  Aluminium  hydrate. 

AICI3,  Aluminium  chloride. 

KAl  (804)2,  12H2O,  Potash  alum. 

NH4A1(S04)2,  12H2O,  Ammonia  alum. 

Aluminium  Oxide  or  Alumina,  Alg  O3,  is  obtained 
artificially  by  igniting  the  precipitated  hydrate  or  sul- 
phate. A white,  porous  solid,  infusible,  except  by  the 
oxyhydrogen  blowpipe. 

Aluminium  Hydrate,  A1(0H)3,  is  thrown  down  as 
a white  gelatinous  precipitate  by  adding  alkali  to  solu- 
tion of  aluminium  salts  ; in  excess  of  potash  or  soda  it 
dissolves,  forming  A1  (0  K)3,  thus  acting  as  a weak 
acid ; it  is  soluble  also  in  dilute  acids,  but  its  basic 
characters  are  feeble,  and  it  will  not  combine  with 
carbonic  acid.  The  mineral  diaspore  is  a native  hydrate, 
HgO,  AI2O3. 

Aluminium  Chloride,  Al^Cl^,  or  AICI3,  is  formed  in 
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a mauner  similar  to  silicon  chloride.  A mixture  of 
alumina  and  carbon  is  heated  to  full  redness,  while  a 
cun*ent  of  chlorine  is  led  over  it ; the  chloride  being 
volatile  passes  forward  and  is  condensed  in  a receiver. 
If  common  salt  is  previously  added  to  the  mixture  the 
compound  Na  A1  CI4  is  obtained  (Na  Cl,  A1  CI3).  This 
sodium  aluminium  chloride  is  used  for  preparing  metallic, 
aluminium  by  the  action  of  sodium. 

Aluminium  chloride  is  a yellowish  solid  body,  fuming 
in  moist  air  and  giving  off  hydrogen  chloride.  It  com- 
bines eagerly  with  water  and  decomposes  probably  into 
aluminium  hydrate  and  hydrogen  chloride  thus : — 

A]  CI3  + 3 H2  0 = A1  (0H)3  + 3 HCl. 

Both  bodies  remain  in  solution,  but  if  the  liquid  be 
evaporated  hydrochloric  acid  passes  off  and  alumina 
is  left.  A form  of  soluble  aluminium  hydrate  may  be 
obtained  by  dialysis  from  this  solution  in  a similar 
manner  to  that  used  in  preparing  soluble  silica.  Hy- 
drated crystals  of  aluminium  chloride  are  formed  by 
slow  evaporation  of  the  solution. 

Aluminium  chloride  boils  at  i8o°C.,  and  the  density 
of  the  vapour  at  9oo°C.  has  been  recently  found  to  be 
nearly  67  ; the  molecule  at  high  temperatures  is  there- 
fore represented  by  the  formula  AICI3  = 134. 

Aluminium  Sulphate,  AI2  (804)3,  sometimes  found 
as  a mineral  (AI2  (804)3,  18H2O),  but  is  difficult  to  obtain 
artificially  in  crystals.  It  is  obtained  pure  by  dissolving 
the  hydrate  in  sulphuric  acid  ; and  for  commercial  uses 
as  a mordant  in  dyeing,  large  quantities  are  manu- 
factured by  dissolving  burnt  clay  in  sulphuric  acid. 

Alums.  The  substance  originally  known  as  alum 
was  the  double  sulphate  of  potassium  and  aluminium  ; 
but  other  double  salts  of  similar  constitution  are  also 
described  as  alums. 
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Tho  commonest  alums  are  ; — 

Potash  alum  = KA1(  804)2,  12H0O. 

Ammonia  alum  = NH4A1(S04)2,  12H2O. 

Iron  ammonia  alum  = NH4Fe (804)3,  12H2O. 

Chrome  alum  = KCr  (804)2,  12H2O. 

An  alum  is,  in  fact,  a double  sulphate,  containing  an 
alkali  and  a metallic  sesqui-oxide,  combined  with  twelve 
molecules  of  water  and  crystallised  in  regular  octahedra 
(fig-  53)-  K28O4  + AI2 (804)3 + 24 H2O  = 2(KA1(804)2,  12H2O). 

In  the  manufacture  of  alum  the  first  step  is  the 
preparation  of  crude  aluminium  sulphate, 
either  from  clay^  by  the  action  of  sulphuric 
acid,  or  by  roasting  bituminous  shale  con- 
taining pyrites  (FeS^).  When  the  roasted 
shale  is  lixiviated  the  solution  contains 
aluminium  sulphate  and  also  sulphuric 
acid  (with  some  iron  sulphate,  etc.) ; it 
can  be  converted  into  alum  by  the  addition 
of  an  ammonium  or  potassium  salt  in 
solution.  The  liquid  is  evaporated  until  Fig.  53. 
crystals  of  alum  are  deposited. 

Clay,  pottery,  porcelain,  etc. 

Clays  are  a combination  of  alumina,  silica,  and 
water  for  the  most  part,  but  with  smaller  and  varying 
amounts  of  iron,  lime,  magnesia,  and  alkalies.  In  a 
moist  condition  clay  is  impervious  to  water,  but  able 
to  hold  a considerable  quantity  by  mechanical  adhe- 
sion ; on  drying  it  shrinks  considerably,  and  if  strongly 
ignited  parts  with  all  combined  water,  and  forms  a 
porous,  infusible,  brick-like  mass. 

The  finest  pottery  made  from  clay  is  porcelain,  which 
has  a well-known  semi-transparent,  fused  glassy  struc- 
ture. This  character  is  produced  by  mixing  with  china 
- clay  used  in  the  manufacture  a fusible  ‘ frit  ’ or  flux 
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which,  uniting  with  the  porous  clay  when  fired,  con- 
verts it  into  the  close-grained  impervious  porcelain. 
Felspar,  with  the  addition  of  some  quartz,  is  commonly 
used  as  the  frit  or  flux.  To  produce  a glazed  surface 
the  ware,  after  a preliminary  drying  and  baking,  is 
coated  by  being  dipped  into  a thin  mud  of  ground 
felspar  and  quartz,  which  is  more  fusible  than  the  body 
of  the  material.  A very  high  temperature  is  employed 
in  the  kilns  in  which  the  porcelain  is  finally  burnt ; 
the  glaze  fuses  into  a colourless,  strongly  adherent  coat- 
ing, which,  when  cold,  is  able  to  resist  the  action  of 
strong  acids  and  alkalies. 

Ordinary  earthenware  is  made  from  commoner  clays, 
frequently  mixed  with  chalky  marl  to  prevent  shrinkage. 
In  many  cases  the  glazing  is  done  with  common  salt. 
After  the  pottery  is  thoroughly  burnt,  and  while  the 
temperature  of  the  kiln  is  very  high,  a quantity  of 
salt  is  thrown  in  which  passes  into  vapour  and  acts 
upon  the  silica  of  the  heated  clay;  thus  a superficial 
coating  of  glass  or  sodium  silicate  is  produced  upon  the 
ware. 

‘ Stoneware  ’ is  a common  sort  of  porcelain,  as  it  is 
made  of  a mixture  of  clay  with  some  fusible  frit. 

Fnglazed  bricks,  tiles,  flower  pots,  and  the  finer  forms 
of  unglazed  pottery  known  as  terra  cotta  are  produced 
from  clays  of  various  kinds  by  a simple  burning  or 
baking  process. 

Fire  clays  are  rich  in  silica,  and  produce  bricks  of  a 
refractory  and  ver}^  infusible  character. 
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IRON.  NICKEL.  COBALT. 

These  three  elements  come  next  after  Chromium  and 
Manganese,  in  the  order  of  atomic  weights,  and  the  atomic 
weights  of  the  five  elements  lie  close  together:  thus 
Chromium  is  52,  Manganese  5.5?  Iron  56,  Nickel  58*6, 
and  Cobalt  59.  In  their  chemical  characters  they  have 
many  points  of  similarity.  The  lowest  oxides  are  of  the 
dyad  type  EO,  and  they  form  sulphates  and  chlorides, 
represented  by  the  forms  R SO4  and  R CI2 ; the  sesqui- 
oxides,  R2O3,  and  the  triad  chlorides,  PtCl^,  of  chromium 
and  of  iron  are  very  definite  and  stable  compounds, 
resembling  aluminium  oxide  and  chloride.  Chromium 
and  manganese,  however,  by  reason  of  the  formation 
of  higher  oxides  of  acid  properties  which  in  combina- 
tion with  bases  produce  chromates  and  manganates,  are 
separated  from  the  others. 

Iron.  Femim ; Fe.  Atomic  weight,  56.  Specific 

gravity,  7-8. 

Iron  is  a metal  which  is  abundant  in  all  parts  of  the 
world,  but  of  limited  occurrence  in  the  native  state. 
Masses  of  iron  of  meteoric  origin  occasionally  fall  upon 
the  earth  or  are  found  near  the  surface : they  always 
contain  some  nickel  and  cobalt. 

The  chief  ores  of  iron  are  the  sesqui-oxide  or  haema- 
tite Feg  O3,  and  magnetic  oxide  Fe3  O4  ; a hydrated  oxide 
Ximonite  2Fe2  O3,  3H2  0 is  also  used  as  an  ore.  In 
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some  districts  varieties  of  ferrous  carbonate  or  spathic 
iron  ore,  Fe  CO3,  are  smelted.  The  sulphide,  pyrites, 
Fe  Sg,  is  not  worked  as  iron  ore. 

In  addition  to  the  particular  accumulations  of  iron 
used  for  the  extraction  of  the  metal,  small  quantities  of 
this  element  are  found  in  numerous  rocks  and  minerals. 

The  reduction  of  oxide  of  iron  to  the  metallic  state 
is  very  easy,  and  can  be  shown  by  the  following  experi- 
ment : — 

Place  a small  quantity  of  dry  ferric  oxide  in  a hard- 
glass  tube  and  pass  a stream  of  dried  hydrogen  over  it. 
When  the  air  is  expelled  from  the  apparatus  apply  a 
Bunsen  burner,  so  as  to  heat  the  oxide  to  redness,  w^hen 
the  reduction  will  take  place  (fig.  14).  After  the  lamp  is 
removed  the  metal  should  be  cooled  in  the  current  of 
gas  and  examined  when  cold.  It  will  be  a gray,  metallic 
powder,  attracted  by  the  magnet,  and  soluble  in  sul- 
phuric acid  with  evolution  of  hydrogen.  The  reduction 
is  represented  by  the  equation — 

I 

re,03  + 3H2  = Fe^  + sH.^O. 

A similar  reduction  is  effected  by  carbonic  oxide  thus — 

Fe203  + 3CO  = Fgo  + 3 CO,. 

Production  of  Cast  Iron. 

The  operation  of  Iron  Smelting  is  carried  out  on  a 
very  large  scale  in  the  blast  furnace  ; a structure  of 
60  to  90  feet  high,  which  is  shown  in  section  in  the 
drawing,  fig.  54. 

Ironstone  and  coal  and  limestone  are  successively 
thrown  in  at  the  top  of  the  furnace,  and  a powerful 
blast  of  air  is  driven  in  through  special  openings  be- 
neath, so  as  to  maintain  a state  of  intense  and  rapid 
combustion,  and  a very  high  temperature.  The  action 
of  the  furnace  upon  the  ore  divides  into  three  stages. 


Blast  Furnace 
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I.  In  the  upper  portion  a roasting  process  takes 
place,  and  volatile  matters,  such  as  water,  carbon  dioxide, 
etc.,  are  expelled,  and  the  ore  becomes  thoroughly  cal- 
cined. As  the  combustion  goes  on  below  the  mass 
slowly  sinks,  and  is  continually  replenished  from  above. 

II.  In  the  next  stage  of  the  descent  the  heated  ore  is 
reduced  to  the  metallic  state  by  the  gases  of  the  fur- 
nace. In  these  gases  Hydrogen  and  Marsh  gas,  CH^,  are 
present,  being  produced  directly  from  the  coal  by  heat- 
ing, but  the  reduction  is  chiefly  effected  by  carbonic 
oxide  (CO)  produced  as  follows  : In  the  bottom  of  the 
furnace,  the  blast  supplies  an  excess  of  air,  and  the 
carbon  of  the  fuel  is  burnt  completely  into  dioxide  ; 
but  the  dioxide  in  passing  upwards  is  quickly  converted 
by  the  incandescent  carbon  to  the  state  of  monoxide 
CO,  which  coming  in  contact  with  iron  oxide  removes 
the  oxygen  and  reduces  it  to  the  metallic  state. 

The  following  shows  the  composition  of  one  sample  of 
gases  drawn  from  a blast  furnace : — 

Nitrogen  55  per  cent. 

Carbon  dioxide,  CO.,  7 „ 

Carbon  monoxide,  CO  26  „ 

Hydrogen  7 „ 

Marsh  gas,  CH4,  etc.  5 „ 

100 

The  reducing  gases  amount  in  this  case  to  nearly 
40  per  cent. ; the  nitrogen  is  of  course  introduced  in  the 
air  of  the  blast. 

lU.  The  iron  when  first  converted  into  metal  is  a 
porous  spongy  mass,  but  it  soon  descends  into  the 
hottest  portion  of  the  furnace,  where  it  becomes  liquefied. 
In  this  stage  of  the  operation  the  iron  becomes  melted 
not  simply  by  increase  of  temperature,  but  because 
it  enters  into  combination  with  carbon,  sulphur,  phos- 
phorus, and  silicon,  producing  more  easily  fusible  com- 
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pounds.  The  molten  metal  collects  upon  the  hearth  at 
the  bottom  of  the  furnace,  with  the  lighter  slag  floating 
upon  it.  The  incombustible  parts  of  the  coal,  together 
with  the  limestone,  and  any  silica  in  the  ore,  com- 
bine and  melt  into  a liquid,  which  is  allowed  to  flow 
out  over  a ‘ dam-stone  ’ at  the  bottom  of  the  furnace : 
this  substance  when  cold  has  a glassy  character,  and 
is  known  as  slag.  After  a sufiicient  quantity  of  iron 
has  collected,  the  furnace  is  ‘ tapped,’  and  the  liquid 
metal  permitted  to  run  out  into  trenches  moulded  in 
sand,  where  it  solidifies.  The  product  is  termed  ‘ Pig 
Iron.’ 

A great  economy  of  fuel  is  effected  by  the  use  of 
a hot  blast  of  air  for  the  combustion ; the  heating  is 
done  with  waste  gases  from  the  top  of  the  furnace, 
which  are  led  down  by  pipes  for  the  purpose.  Further, 
these  waste  gases  are  combustible,  and  are  utilised  for 
raising  steam.  Tar  and  ammonia  are  also  obtained  as 
bye  products  from  blast  furnace  gases. 

Purification  of  Cast  Iron. 

Pig  iron  if  required  for  making  castings  is  remelted 
and  run  into  the  moulds  ; but  if  malleable  or  wrought 
iron  is  wanted,  the  iron  must  be  purified  by  refining 
and  puddling.  Pig  iron  contains  besides  iron,  five  or 
six  per  cent,  of  impurities,  such  as  carbon,  sulphur, 
phosphorus,  silicon,  and  manganese ; these  must  be 
removed  to  render  the  iron  malleable.  The  refining- 
process  is  in  reality  an  oxidising  process : the  cast  iron 
is  remelted  and  exposed  to  a blast  of  air  whereby  a 
part  of  the  carbon,  silicon,  sulphur,  and  phosphorus  are 
burnt  off,  and  a much  purer  cast  iron  obtained. 

Wrought  Iron. 

For  the  production  of  wrought  iron  a charge  of  cast 
iron,  either  crude  pig  or  the  refined  metal,  is  brought 
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into  a puddling  furnace,  where  it  is  fused  on  an  open 
hearth  and  exposed  for  some  time  to  the  air ; as  the 
oxidation  of  the  carbon,  etc.,  proceeds  the  iron  be- 
comes less  fusible,  and  requires  frequent  stirring  and 
turning  over  to  expose  fresh  surfaces  to  the  action. 
Finally,  the  iron  attains  a pasty  condition  and  is  then 
withdrawn  and  hammered,  and  squeezed  between  heavy 
rollers  to  expel  the  oxides  and  slag  ; next  passing  on  to 
other  pairs  of  wheels,  it  is  rolled  into  bars  or  sheets. 

Production  of  Steel. 

Good  wrought  iron  contains  about  0-3  per  cent,  of 
carbon ; by  an  addition  of  more  carbon  it  is  converted 
into  steel.  Formerly  the  change  was  brought  about  by 
packing  bars  of  iron  in  charcoal  dust  and  keeping  them 
in  a furnace  of  special  construction  for  several  days  until 
the  steel  was  formed ; but  a much  more  expeditious 
method  is  now  employed ; named  after  the  inventor  the 
Bessemer  process.  For  this  method  the  pig  iron  is 
melted  in  cupolas,  and  run  into  an  egg-shaped  vessel 
termed  a converter,  in  which,  by  means  of  a blast  of 
air  driven  through  the  liquid  metal,  all  the  carbon 
and  sulphur  are  rapidly  oxidised  and  burnt  completely 
out  of  the  metal : at  the  right  instant,  when  the  iron 
is  thus  completely  decarbonised,  by  the  addition  of 
‘ spiegel  ’ (a  variety  of  cast  iron)  of  known  composition, 
the  exact  quantity  of  carbon  required  is  put  in,  and 
liquid  steel  produced.  This  steel  is  cast  into  ingots,  and 
rolled  into  railway  bars,  etc. 

Iron  is  greyish  white  metal,  capable  of  taking  a high 
polish.  It  is  extremely  tough  and  tenacious,  and  very 
infusible,  but  at  a red  heat  softens,  and  can  be  forged 
and  hammered  into  any  shape.  At  a white  heat  iron 
becomes  pasty,  and  two  clean  surfaces  if  hammered 
together  adhere  and  become  perfectly  welded. 
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Steel  resembles  iron  in  many  respects,  but  is  harder, 
takes  a higher  polish,  and  is  much  more  elastic.  The 
hardness  and  elasticity  of  steel  are  modified  by  the 
process  of  tempering. 

In  dry  air  iron  remains  bright,  but  in  the  presence 
of  moisture  becomes  rusty,  being  converted  into  hydrated 
oxide,  Fe203,  : the  rusting  is  accelerated  by  acid 

vapours,  carbonic  acid  gas,  and  salt.  At  a red  heat  the 
surface  of  iron  oxidises  in  air  forming  a bluish-black 
oxide,  Feg04,  ordinary  ‘ smithy  scale.’ 

The  compounds  of  iron  are  of  two  kinds,  which  are 
very  distinct  from  each  other.  The  lower  oxide  of  iron, 
ferrous  oxide,  FeO,  is  basic  in  character,  and  forms  salts 
analogous  to  those  of  the  dyad  metal  zinc ; the  higher 
oxide,  ferric  oxide,  Fe203,  is  less  basic,  and  forms  salts 
analogous  in  composition  to  those  of  aluminium.  The 
two  classes  of  iron  salts  are  sometimes  termed  ‘ proto  ’ 
and  ‘ per  ’ salts  respectively. 

The  following  may  be  taken  as  examples  of  the  two 
classes  ; — 


Ferrous  Salts. 

FeO  ferrous  oxide. 

Fe(OH)2  „ hydrate. 

FeClj  ,,  chloride. 

Fe  SO4  „ sulphate. 


Ferric  Salts. 

Fe2  0a  ferric  oxide. 

Fe  (0H)3  „ hydrate. 

FeClg  „ chloride. 

Fe2(S04)3  ,,  sulphate. 


Ferrous  Oxide,  FeO,  and  Ferrous  Hydrate,  Fe(OH)2, 
are  hardly  known  in  the  uncombined  state  on  account 
of  their  rapid  oxidation  in  air  ; the  oxide  is  obtained  by 
gently  igniting  feiTous  oxalate  in  a tube  drawn  out  to  a 
point  and  sealing  the  end  when  decomposition  is  com- 
plete. The  hydrate  is  thrown  down  from  ferrous  salts 
in  solution  by  alkalies  ; it  is  almost  white  when  pure, 
but  rapidly  becomes  green,  and  finally  red  from  absorp- 
tion of  oxygen. 
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An  oxide  of  intermediate  composition,  Fe304  or 
FeO,  FogOg,  is  found  native  as  magnetic  iron  ore  or 
‘ loadstone.’  This  oxide  is  formed  as  a blackish  coating 
when  iron  is  heated  in  air  or  steam. 

Ferrous  Chloride,  FeClg,  may  be  obtained  as  a 
yellowish-white  body  by  acting  on  iron  with  gaseous 
hydrogen  chloride  at  a red  heat ; iron  dissolved  in 
hydrochloric  acid  yields  a green  solution,  which  by  con- 
centration deposits  greenish  crystals,  Fe  Clg,  4H2O, 
easily  oxidisahle  in  the  air. 

Ferrous  Sulphate,  Fe  SO4.  Metallic  iron  or  ferrous 
sulphide,  dissolved  in  dilute  sulphuric  acid,  yield  a pale- 
green  solution,  which  by  crystallisation  deposits  green 
crystals  of  the  composition  FeSO^,  /HgO.  This  salt  is 
known  as  ‘ green  vitriol  ’ or  ‘ copperas.’ 

It  is  manufactured  in  large  quantity  from  pyidtes, 
FeSg,  which,  by  exposure  to  air  in  heaps,  becomes 
oxidised  and  converted  into  an  acid  solution  of  ferrous 
sulphate.  This  salt  is  largely  used  for  making  writing 
inks  and  Prussian  blue,  and  as  a mordant  in  dyeing. 

Oxidation  of  Ferrous  Salts. 

The  conversion  of  ferrous  into  ferric  salts  is  effected 
by  numerous  agents  termed  generally  ‘ oxidising  ’ agents, 
viz.  by  free  oxygen ; by  many  acids  containing  oxygen, 
as  nitric,  chloric,  chromic,  permanganic,  acids,  or  their 
salts  ; by  chlorine  and  bromine  in  presence  of  water. 

The  change  is  represented  thus — 

2FeS04  + H2S04  + [0]  = re,(S0d3  + H,0. 

Thus  to  convert  ferrous  sulphate  into  ferric  sulphate 
add  dilute  sulphuric  acid  to  the  solution,  warm  and  add 
gradually  a little  nitric  acid ; the  green  colour  of  the 
liquid  will  change  to  yellow  when  the  action  is  complete. 
The  oxidation  may  also  be  done  by  using  a solution  of 
potassium  chromate  or  permanganate. 
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Ferric  Oxide,  FegOg.  This  oxide  is  found  in  large 
deposits  as  the  ore  ‘ haematite,’  or  crystallised  as  specular 
iron.  It  is  obtained  artificially  by  ignition  of  ferric 
hydrate  or  ferrous  sulphate. 

Ferric  Hydrate,  Fe(OH)3,  is  precipitated  as  a red 
gelatinous  substance  when  ferric  chloride,  or  any  ferric 
salt,  is  treated  with  alkalies.  It  dissolves  readily  in 
acids,  but  if  dried  and  ignited  loses  the  combined  water, 
and  becomes  almost  insoluble  in  acids.  A soluble  form 
of  fendc  hydrate — dialysed  iron—  is  prepared  by  dialysis 
of  a solution  of  the  chloride. 

Ferric  Chloride,  FeClg.  The  anhydrous  compound 
may  be  obtained  by  direct  combination  from  the 
elements.  Chlorine  gas  is  passed  over  gently  heated  iron, 
and  a brownish-black,  volatile,  scaly  sublimate  deposits 
in  a cooler  part  of  the  tube.  Its  vapour  density  is  78 
at  750° C,  corresponding  to  the  molecule  FeClg.  This 
chloride  is  very  deliquescent  and  unites  vigorously  with 
water.  Solution  of  ferric  chloride  is  prepared  by  dis- 
solving iron  in  hydrochloric  acid  and  oxidising  the 
ferrous  salt  with  nitric  acid  [or  chlorine]  ; or  iron  can 
be  dissolved  at  once  in  aqua  regia.  The  solution  gives 
on  evaporation  a yellowish  mass  of  indefinite  composi- 
tion, which  breaks  up  on  further  heating  into  hydrochloric 
acid  and  ferric  oxide. 

Ferric  hydrate  is  soluble  to  a considerable  extent  in 
solution  of  ferric  chloride,  but  no  definite  compounds  are 
known. 

Reduction  of  Ferric  Salts. 

Ferric  salts  are  reduced  to  the  ferrous  form  by  various 
‘ reducing  ’ agents,  viz.  (i)  nascent  hydrogen,  (2)  hydrogen 
sulphide,  (3)  sulphurous  acid.  The  change  is  the  con- 
verse of  the  action  by  which  they  are  formed,  being  in 
all  cases  equivalent  to  removal  of  oxygen.  The  action 
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of  hydrogen  sulphide  is  accompanied  Avith  separation  of 
sulphur. 

2 Fe  CI3  + H2S  = 2 Fe  CI2  + 2 HCl  + S. 

The  reduction  by  nascent  hydrogen  is  effected  by  dis- 
solving metallic  iron  or  zinc  in  an  acidified  solution : — 

2 Fe  CI3  + H2  = 2 Fe  Cb  + 2 HCl. 

Iron  forms  two  w^ell-defined  sulphides,  FeS,  FeS2- 
The  ferrous  sulphide  is  made  by  the  combination  of 
sulphur  with  strongly  heated  iron.  It  is  commonly  used 
for  producing  sulphuretted  hydi-ogen  in  the  laboratory. 
The  bisulphide  or  pyrites,  FeS2,  is  a mineral  substance 
of  common  occuiTence,  and  frequently  associated  with 
copper,  arsenic,  and  other  metals.  Several  other  sul- 
phides of  iron  have  been  artificially  made. 

Ferrocyanides  and  Ferricyanides. 

Iron  with  cyanogen  forms  compounds  of  great  stability, 
which  uniting  with  other  metallic  cyanides  produce 
crystallisable  salts. 

Potassium  Ferrocyanide,  Fe  Ng , is  produced  by 

heating  together  iron-filings,  potassium  carbonate,  and 
any  nitrogenous  organic  matter,  such  as  horns,  hoofs,  etc. 
It  is  dissolved  out  by  water,  and  on  evaporation  obtained 
in  yellow  crystals,  sometimes  called  yellow  prussiate  of 
potash.  With  ferric  salts  it  gives  a deep-blue  precipitate 
of  Prussian  blue  ; while  with  ferrous  salts  a white  or 
pale-blue  precipitate  is  first  formed,  rapidly  however 
deepening  in  colour. 

Potassium  Ferricyanide,  Kg  Fe  Cg  Ng. 

This  salt  is  made  by  passing  chlorine  gas  through  a 
solution  of  potassium  ferrocyanide. 

2K4FeC«Ne  + Cb  = 2K3FeC(,Nc  + 2KCl. 

On  evaporation  red  crystals  are  obtained,  sometimes 
named  red  prussiate  of  potash.  This  salt  produces  no 
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precipitate  with  ferric  compounds,  but  with  ferrous  salts 
gives  a deep-blue  precipitate. 

Prussian  Blue. 

If  solution  of  ferric  chloride  is  gradually  poured  into 
potassium  ferrocyanide,a  deep-blue  precipitate  is  obtained 
containing  potassium  and  iron  cyanides  : — 

K^FeCfiNe  + FeCb  = KFe2C6N6  + 3KCL 

Again,  if  ferrous  chloride  is  similarly  poured  into 
potassium  ferricyanide  a deep-blue  precipitate  is  formed 
of  the  same  composition : — 

KgFeCgNe  + FeCb  = KFe,C6N6  + 2KCl. 

This  blue  substance,  when  washed,  dissolves  in  pure 
water,  and  is  named  soluble  Prussian  blue : but  treated 
with  solution  of  ferric  salt  becomes  converted  into  the 
ordinary  insoluble  form  of  Prussian  blue,  Fe^Cy^s, 
which  contains  no  potassium.  The  reaction  is  as  fol- 
lows : — 

3KFe,CeNe  + FeCl3  = Ye.CA  + sKCl. 

If  a ferrous  salt  be  added  to  the  soluble  Prussian 
blue,  a compound  named  Turnbull’s  blue,  Fe5  Cy^g,  is 
produced  thus  : — 

2KFe2C6N6  + FeCb  = Fe5Ci2Ni2  + 2KCI. 

When  Prussian  blue  is  heated  with  potash,  part  of 
the  iron  present  separates  as  ferric  hydrate,  the  rest 
dissolving  to  form  potassium  ferrocyanide : — 

Fe7Ci8Ni8+i2KOH  = 3K4FeCcN6  + 4Fe(OH)3. 


Nickel.  Atomic  weight,  58-6.  Specific  gravity,  8-9. 
Cobalt.  Atomic  weight,  59  0.  Specific  gravity,  8-6. 

These  two  metals  are  associated  with  each  other  in 
nature,  and  in  their  chemical  and  physical  properties 
are  singularly  alike.  There  is  some  little  difference  in 
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density,  but  their  atomic  weights  are  almost  identical. 
They  are  usually  distinguished  by  the  different  colours 
of  their  compounds,  those  of  nickel  being  frequently 
green,  while  cobalt  compounds  are  commonly  blue  or 
red. 

The  principal  nickel  ores  are  nickel-glance,  NiAsS, 
and  ‘ kupfer  nickel,’  Ni  As ; they  are  seldom,  if  ever, 
free  from  cobalt. 

Nickel  forms  a series  of  compounds  corresponding 
to  ferrous  salts,  of  which  the  following  will  serve  as 
examples : — 

Nickel  oxide  NiO. 

Nickel  hydrate  NifOHjo. 

Nickel  chloride  NiCb- 

Nickel  sulphate  NiS04. 

A few  more  highly  oxidised  compounds  are  known, 
but  they  are  generally  unstable.  Nickel  peroxide  or 
sesquioxide  is  Nig  O3. 

In  the  arts,  nickel  is  used  for  alloying  with  copper  and 
zinc  to  make  the  hard  whitish  metal  known  as  ‘ German 
silver.’  It  is  also  used  extensively  for  electroplating 
bright  iron  and  other  articles,  since  it  takes  a high  polish 
and  does  not  readily  oxidise. 

Cobalt  ores  resemble  those  of  nickel ; the  two  com- 
monest are  cobalt  glance,  Co  As  S,  and  cobalt  arsenide, 
CoAsg.  Metallic  cobalt  is  not  used  in  the  arts,  but 
an  oxide  is  employed  for  colouring  glass  and  porce- 
lain. Smalt  is  a glass  coloured  blue  by  cobalt  as  a 
silicate. 

The  affinity  of  cobalt  for  oxygen  is  greater  than  that 
of  nickel,  and  the  series  of  cobaltic  salts  is  better  repre- 
sented. It  forms  two  classes  of  salts  corresponding  to 
ferrous  and  ferric  oxides ; typified  by  the  following 
examples : — 


Cohalt. 


205 


Cobalt  oxide  CoO.  Cobalt  nitrate  CoNgOg. 

„ hydrate  Co(OH)2.  „ cyanide  • C0C2N2. 

chloride  CoCb.  „ carbonate  C0CO3. 

Cobaltic  oxide  C03O4. 

„ peroxide  C02O3.  Cobaltic  chloride  C0CI3. 

Metallic  nickel  and  cobalt  are  extremely  infusible  sub- 
stances and,  like  iron,  are  attracted  by  a magnet.  They 
dissolve  in  dilute  hydrochloric  and  sulphuric  acids  with 
evolution  of  hydrogen,  and  the  solutions  treated  with 
alkali  yield  the  corresponding  hydrates,  or  with  sodium 
carbonate  give  precipitates  of  the  carbonates. 

Carbon  monoxide  (page  59)  when  passed  over  gently 
heated  nickel  combines  with  it,  forming  the  compound 
NiC4  04.  This  interesting  body  is  a liquid  of  sp.  gr.  1-31 
boiling  at  43°C.  It  is  decomposed  by  heat,  dissolves 
in  benzene,  alcohol,  and  chloroform,  and  although  not 
attacked  by  dilute  acids  is  soluble  in  strong  nitric  acid 
and  aqua  regia.  A similar  compound  with  iron  has  been 
obtained,  but  its  composition  is  not  exactly  known. 


CHAPTEE  XXII. 


HEXAD  METALS.  CHROMIUM. 


The  metals  of  this  group  known  at  present  are 
Chromium,  atomic  weight  52 ; Molybdenum,  atomic 
weight  96;  Tungsten,  atomic  weight  184;  Uranium, 
atomic  weight  240. 

Their  hexad  character  is  manifested  by  the  formation 
of  oxides  of  the  form  Rg  Og  or  RO3,  which,  like  the  oxide 
SO3,  are  acid  in  character,  and  produce  salts  by  uniting 
with  basic  oxides. 

K2SO4  Potassium  sulphate. 

K2Cr04  „ chromate. 

K2M0O4  „ molybdate. 

K2WO4  „ tungstate. 

Na2U04  Sodium  uranate. 


Chromium ; Cr.  Atomic  weight,  62*4.  Specific  gravity,  7-3. 

The  chief  chromium  minerals,  which  however  are  not 
very  abundant,  are  lead  chromate,  PbCrO^,  and  chrome 
ironstone,  FeCr2  04  or  FeO,  Cr2  03. 

Besides  the  acid  trioxide  Cr03,  chromium  forms  two 
lower  basic  oxides,  viz.  a sesquioxide,  Cr2  O3,  generally  re- 
sembling ferric  oxide,  and  a protoxide,  Cr  O,  resembling 
ferrous  oxide.  The  typical  compounds  of  chromium  are 
accordingly  arranged  in  three  classes  : — 


Chromous  Salts. 
Cr(OH)2  Chromous  hydrate. 
CrCl.j  „ chloride. 

CrS04  „ sulphate. 


Chromic  Salts. 
Cr(OH)3  Chromic  hydrate. 
CrgOg  „ oxide. 

CrClg  „ chloride. 

Cr2(S04)3  „ sulphate. 


Chromates. 
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ChromateSj  etc. 

CrOg  Chromium  trioxide. 

CrFg  Chromium  hexafluoride. 

K2Cr04  Potassium  chromate. 

K2Cr2  07  Potassium  bichromate. 

Potassium  Chromate,  K2Cr04. 

For  the  preparation  of  potassium  chromate  finely- 
ground  mineral  chrome-iron-stone  is  mixed  with  potas- 
sium carbonate,  with  some  chalk  added  to  keep  the  mass 
porous,  and  heated  to  redness  in  a furnace  contrived  to 
permit  a free  access  of  air.  An  oxidation  takes  place,  and 
potassium  chromate  is  produced ; this  is  separated  by 
subsequent  washing  and  crystallisation. 

Potassium  chromate  is  a yellow,  anhydrous,  crystal- 
line salt ; soluble  in  water,  making  a yellow  solution 
which  gives  coloured  precipitates  with  many  metallic 
solutions,  such  as  yellow  lead  chromate,  red  silver  chro- 
mate, etc. 

Potassium  Bichromate,  Kg  ^^2^  7 ^2^’  2Cr03. 

This  salt  is  produced  by  adding  an  acid  to  potassium 
chromate.  If  the  yellow  solution  of  chromate  be  acidified 
with  sulphuric  acid,  it  will  change  to  a reddish-orange 
colour,  when  the  following  reaction  occurs : — 

2 K^Cr  O4  + 2 H2  SO4  = K2  Cr2  O7  + 2 KHSO4  + H2  0. 

On  evaporating  the  liquid  large  transparent  reddish 
crystals  of  the  bichromate  will  be  obtained. 

The  salt  dissolves  in  water,  forming  a reddish  solution, 
which  precipitates  metallic  chromates.  The  solution  is 
somewhat  acid  ; if  neutralised  with  potash  its  colour 
changes  to  yellow,  when  the  neutral  chromate  is  formed. 

K2Cr207  + 2K0H  = 2K2Cr04  + H20. 

Potassium  bichromate  is  much  used  as  an  oxidising 
agent;  barium  and  lead  chromates  are  used  as  yellow 
pigments. 

Chromium  Trioxide,  Cr  O3.  This  oxide  is  easily  sepa- 
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rated  from  potassium  bichromate.  A measured  amount 
of  saturated  solution  of  that  salt  is  mixed  with  a slightly 
larger  quantity  of  concentrated  sulphuric  acid,  and  as 
the  mixture  cools  the  trioxide  crystallises  out  in  crimson 
needles.  It  is  very  soluble  in  water,  forming  an  acid 
liquid ; but  true  chromic  acid,  Hg  Cr  O4,  has  never  been 
obtained.  The  trioxide  is  decomposed  by  strong  heat 
into  chromium  sesquioxide  and  free  oxygen. 

2Cr03  = CrgOg  + Og. 

It  is  a powerful  oxidising  substance,  and  acts  ener- 
getically upon  organic  bodies : thus  strong  alcohol 
dropped  upon  the  trioxide  will  take  fire. 

Reduction  of  Chromates  to  Chromic  Salts. 

Chromates  are  deprived  of  oxygen  and  converted  into 
chromic  salts  by  numerous  substances  ; the  action  is 
well  shown  with  sulphurous  acid.  To  obtain  a chromic 
salt  it  is  requisite  in  all  cases  to  add  some  acid  to 
combine  with  the  basic  chromium  oxide  into  which  the 
reduced  chromic  acid  is  converted. 

For  example : — Make  solution  of  potassium  bichro- 
mate, acidify  it  with  dilute  sulphuric  acid,  and  add 
gradually  a solution  of  sulphurous  acid.  As  the  reduction 
takes  place  the  reddish  liquid  becomes  a fine  green 
colour  ; the  chemical  change  is  thus  expressed : — 

Cr^  O7  + H2  SO4  + 3 SO2  = K2  SO4  + Ci'2  (SOdg  + Ho  0. 

In  a similar  way  chromates  are  reduced  by  hydrogen 
sulphide — with  separation  of  sulphur  : — 

K2Cr207  + 4H2S04  + 3HgS  = Kg  SO^  + Cr^  (804)3  + 7^30  + 83. 

Ferroz^^  salts  become  ferric;  and  alcohol  (C2H,;0) 
becomes  changed  into  aldehyde,  CgH^O,  by  the  action 
of  chromates  ; in  numerous  other  cases  also  bodies  are 
oxidised  by  chromic  acid,  which,  of  course,  suffers  re- 
duction to  a chromic  salt. 


Chromium  Salts. 
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Chromium  Hydrate,  Cr(OH)3.  The  green  solution 
obtained  in  the  manner  just  described  by  the  action 
of  sulphurous  acid  upon  a chromate  and  containing 
chromic  sulphate,  if  treated  with  alkalies,  gives  a pre- 
cipitate of  chromic  hydrate  or  hydrated  sesquioxide 
of  chromium,  as  a greenish  gelatinous  body.  It  dis- 
solves in  acids,  forming  chromic  salts,  and  when  heated 
leaves  anhydrous  chromic  oxide,  Ci^Og. 

Chromium  Sesquioxide,  Cr2  03,  thus  obtained  is  a 
green  amorphous  substance,  not  poisonous,  and  being 
very  permanent  is  frequently  used  as  a pigment. 

Chrome  Alum,  KCr(S04)2,  12H2O.  This  alum  is 
most  easily  obtained  by  reducing  potassium  bichromate  ; 
e.  g.  with  sulphurous  acid. 

K,Cr2  0,+  4H2SO,-  [O3]  = [K,SO„  Cr,(SOj3]  +4H,0. 

If  the  green  solution  be  evaporated  and  allowed  to 
stand  some  days,  a gradual  formation  of  reddish  violet- 
tinted  crystals  of  chrome  alum  takes  place.  They  dis- 
solve in  cold  water,  forming  a reddish-violet  solution, 
which  if  heated  becomes  again  of  a green  colour. 

Chromous  Salts.  The  whole  of  these  compounds  are 
difficult  to  keep  on  account  of  their  extreme  liability 
to  oxidation.  Chromous  chloride,  CrClg,  which  may  be 
taken  as  an  example  of  the  series,  is  left  when  hydrogen 
is  passed  over  heated  chromic  chloride  : — 

2CrCl3  + H2  = 2CrCb  + 2HCl. 

They  are  like  ferrous  salts  in  their  general  characters, 
reactions,  and  typical  compounds. 

Oxidation  of  Chromic  Salts  to  Chromates.  Chromic 
oxide,  Cr2  03,  and  other  compounds,  if  fused  with  potas- 
sium nitrate,  are  oxidised,  yielding  potassium  chromate, 
and  a similar  change  is  effected  by  boiling  with  potas- 
sium chlorate  in  strong  nitric  acid. 


CHAPTEE  XXIII. 


HEPTAD  METALS. 

Manganese  ; Mn.  Atomic  weight,  55.  Specific  gravity,  8 0. 

The  only  metal  of  this  class  is  manganese,  which  is 
regarded  as  a heptad  on  account  of  the  formation  of 
permanganates,  KMnO^  or  KgMngOg;  these,  like  per- 
chlorates and  periodates,  appear  to  contain  a heptad 

oxide,  viz.  Mng  0.^ : — 

KgO,  Mn^Oy  = K2Mn2  0g. 

In  respect  of  its  atomic  weight  and  general  characters 
manganese  is  closely  allied  to  iron,  and  commonly  is 
found  associated  with  iron  in  nature.  The  protoxide  of 
manganese,  and  the  salts  derived  from  it,  are  scarcely 
distinguishable  from  the  corresponding  ferrous  salts, 
except  in  colour  ; crystallised  manganous  salts  being 
mostly  pink,  while  the  ferrous  salts  are  green. 

The  following  are  some  of  the  most  important  com- 
pounds of  this  metal : — 

Manganese  protoxide  MnO. 

Manganese  dioxide  MnO.2. 

Manganese  sesquioxide  MngOg. 

Red  manganese  oxide  MngO^. 

Manganous  sulphate  MnSO^.  Manganous  chloride  MnCb. 

Manganous  sulphide  MnS.  Manganous  carbonate  MnCOg. 

Potassium  manganate  KoMn04. 

Potassium  permanganate  KMn04. 

The  most  common  and  abundant  ore  of  manganese  is 
the  dioxide,  Mn  Og,  a dark  grey  or  black  mineral,  known 
as  Pyrolusite ; the  lower  oxides,  Mn2  03,  or  Braunite  ; 
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and  Mn3  04,  or  Hausmannite,  being  less  frequently 
found. 

But  manganese  is  also  found  in  small  quantities  in 
most  soils,  and  is  usually  present  in  ores  of  iron ; and 
consequently  is  generally  to  be  detected  in  specimens 
of  manufactured  iron.  A variety  of  cast  iron  rich  in 
manganese  and  carbon,  known  as  ferro-manganese,  is 
added  to  the  contents  of  the  crucible  in  the  manufacture 
of  Bessemer  steel. 

Metallic  manganese  can  be  obtained  by  reducing  the 
oxide  with  carbon ; it  is  a grayish  white  metal — in 
appearance  resembling  cast  iron.  In  the  air  it  oxidises 
more  readily  even  than  iron,  and  is  usually  preserved 
in  naphtha  or  in  vacuous  tubes.  Manganese  requires  an 
extremely  high  temperature  to  melt  it.  The  metal  is 
soluble  in  dilute  acids  with  evolution  of  hydrogen,  and 
producing  manganous  salts. 

Manganous  Chloride,  MnCl2.  Black  oxide  of  man- 
ganese is  digested  with  hydrochloric  acid  until  the 
evolution  of  chlorine  ceases,  when  a solution  of  man- 
ganous chloride  is  obtained. 

Mn02  + 4HC1  = MnCl2  + Cl2  + 2H20. 

Iron  is  commonly  present  in  the  mineral  oxide,  and 
dissolves  also  in  the  acid  forming  ferric  chloride  : the 
addition  of  a little  powdered  manganous  carbonate  will 
precipitate  all  the  iron,  leaving  a pure  solution  of  man- 
ganese chloride. 

2 Fe  CI3  + 3 H,  0 + 3 Mn  CO3  = 2 Fe  (0H)3  + 3 Mn  Cb  + 3 CO2 . 

On  evaporating  the  liquid  pinkish  crystals  of  man- 
ganous chloride  will  be  obtained,  Mn  CI2, 4H20- 

Manganous  Sulphate,  MnS04.  This  salt  is  obtained 
in  a similar  way ; black  oxide  of  manganese  is  heated 
with  strong  sulphuric  acid  (oxygen  being  given  off),  and 
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the  manganous  sulphate  separated  by  solution  and 
crystallisation.  Iron,  if  present,  can  be  removed  by 
precipitation  with  manganous  carbonate. 

Solutions  of  manganous  sulphate  or  chloride  are  de- 
composed by  alkalies,  the  hydrate  being  precipitated. 

MnS04  + 2K0H  = Mn(0H),  + K2S04. 

Manganous  hydrate  is  nearly  white,  but  rapidly  turns 
brown  from  absorption  of  atmospheric  oxygen. 

When  ammonium  sulphide  and  ammonium  hydrate 
are  added  to  solutions  of  mangahous  salts  a flesh- 
coloured  precipitate  of  hydrated  manganous  sulphide  is 
produced. 

Potassium  Manganate,  K2Mn04. 

When  a manganese  compound  is  heated  with  an 
alkali  in  presence  of  oxygen,  a green  mass  of  manganate 
is  formed  ; the  action  is  analogous  to  the  formation  of 
chromates. 

Mn02  + [0]  + 2K0H  = K2Mn04  + H20. 

The  potassium  salt  is  usually  prepared  as  follows : — 
Manganese  peroxide  and  potassium  chlorate  are  added 
to  a strong  solution  of  potash,  and  the  mixture  heated 
until  a dry  mass  is  obtained.  This  mass  is  further 
heated  to  a low  red  heat  in  an  iron  vessel  until  it 
becomes  dark  green  in  colour : the  dull  green  sub- 
stance is  potassium  manganate.  Cold  water  dissolves 
it,  forming  a green  solution,  which  is  very  unstable, 
since  it  decomposes  on  simply  heating,  or  by  the  ad- 
dition of  acids,  and  a purple  red  solution  of  permanga- 
nate is  obtained.  The  change  of  colour  is  very  striking, 
and  from  the  way  in  which  it  takes  place,  the  man- 
tranate  has  received  the  name  of  Chamseleon  Mineral. 

D 

Potassium  Permanganate,  KMnO^. 

The  green  solution  of  manganate  prepared  in  the 
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manner  already  described,  is  converted  into  perman- 
ganate by  boiling,  or  by  the  action  of  an  acid : — 

3K2Mn0,  + 3H,0  = 2KMn04  + Mn02  + 4HK0  + H20. 

The  potassium  manganate  with  water  forms  potassium 
permanganate,  manganese  dioxide,  potash  and  water, 
and  the  manganese  oxide  precipitates  as  a dark  brown 
powder.  With  an  acid  no  precipitation  takes  place : — 

5K2M11O4  + 4H2SO4  = 4KMn04  + MnS04  + 3K2S04  + 4H2  0. 

Potassium  permanganate  is  formed,  with  manganous 
sulphate,  and  potassium  sulphate.  The  pure  salt  is 
obtained  by  evaporation  and  crystallisation  ; it  forms 
needle-like  crystals  of  bronzy  lustre,  and  is  in  every 
way  a more  stable  compound  than  the  manganate. 
Crude  solutions  of  manganate  and  permanganate  are 
used  for  disinfecting  purposes  (Condy’s  fluid).  Since 
permanganates  contain  much  oxygen,  they  are  useful  as 
oxidising  agents  ; and  accordingly  are  de-oxidised  by 
reducing  agents,  such  as  those  capable  of  reducing 
chromates.  For  example,  a solution  of  permanganate 
mixed  with  a feiTous  salt  loses  its  red  colour,  the 
reaction  being,  as  follows  : — 

2 KMn  O4  + 3 H2  SO4  = 2 Mn  SO4  + K2  SO4  + [O5]  + 3 H2  0. 

Two  molecules  of  permanganate  with  sulphuric  acid 
become  changed  into  manganous  sulphate,  potassium  ^ 
sulphate,  and  flve  atoms  of  available  oxygen,  which  is, 
of  course,  taken  up  by  the  ferrous  salt  in  its  conversion 
to  a ferric  salt : — 

2FeS04  + H2S04+[0]  = Fe2  (804)3 + H2O. 

Cuprous  salts,  mercurous  salts,  and  stannous  salts ; 
sulphurous  acid,  hydrogen  sulphide,  potassium  nitrite, 
and  potassium  iodide  in  a similar  manner  reduce  and 
decolorise  a solution  of  the  permanganate. 


CHAPTEE  XXIV. 


METALS  OP  THE  COPPER  GROUP. 

Copper,  Silver,  Mercury. 

The  three  metals  copper,  silver,  and  mercury,  form 
a fairly  definite  natural  group,  and  yield  derivatives  of 
similar  characters  and  composition.  In  respect  of  their 
lower  oxides  they  resemble  the  monad  metals,  for  example, 
the  oxides  CugO,  Ag2  0,  HggO  are  comparable  with  KgO  ; 
but  the  higher  oxides  and  chlorides  are  dyad  in  type, 
and  CuO,  HgO  (and  possibly  AgO)  are  comparable  with 
CaO,  and  the  chlorides  CuClg,  HgCl2  with  dyad  chlo- 
rides. The  metals  themselves  are  easily  obtained  by 
reduction  of  their  salts,  and  are  permanent  in  air. 
Copper  and  mercury  form  salts  and  other  compounds  of 
two  degrees  of  oxidation,  hut  in  the  case  of  silver  the 
higher  series  is  represented  by  very  few  compounds. 

The  lower  compounds  of  these  metals  with  chlorine, 
bromine,  and  iodine  are  peculiarly  sensitive  to  the  action 
of  light ; a character  which  in  the  case  of  certain  silver 
salts  is  utilised  for  the  production  of  photographic 
pictures. 

Copper ; Cu.  Atomic  weight,  63.  Specific  gravity,  8-9. 

The  most  important  ores  of  copper  are  the  sulphide, 
or  copper  pyrites,  Cu  Fe  S2 , containing  variable  quantities 
of  iron  ; the  basic  carbonate  or  malachite,  Cu2  (OH)2  CO3  ; 
and  the  red  oxide,  CU2O.  The  metal  is  occasionally 
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found  native.  Copper  is  widely  distributed  in  nature  ; 
frequently  small  quantities  are  found  in  the  ores  of  other 
metals,  and  traces  of  this  element  are  found  in  many 
plants,  seeds,  and  in  some  animal  tissues. 

The  smelting  of  copper  ore  in  the  form  of  carbonate 
or  oxide  is  performed  by  reduction  with  carbon  ; but 
for  the  smelting  of  pyrites  or  sulphides  a more  complex 
process  is  necessary.  The  ore  is  first  roasted  or  calcined 
in  air,  during  which  much  sulphur  and  arsenic  burn  off, 
as  sulphur  dioxide,  and  arsenic  trioxide,  and  the  iron 
oxidises  to  ferric  oxide.  The  copper  sulphide  loses  also 
some  sulphur,  and  cuprous  sulphide  is  left : — 

2CUS  + O2  = CU2S  + SO2. 

By  fusion  the  impure  cuprous  sulphide  is  separated, 
and  is  termed  technically  coarse  metal.  A repetition 
of  • the  roasting  with  the  addition  of  slag  from  other 
operations,  produces  nearly  pure  cuprous  sulphide, 
termed  fine  metal,  which  is  almost  free  from  iron.  The 
fine  metal  is  fit  for  the  final  stage  of  reduction,  which 
is  carried  out  as  follows  : the  cuprous  sulphide  is  heated 
in  a furnace  to  which  air  is  admitted  only  in  sufficient 
quantity  to  oxidise  a portion  of  the  mass  ; the  heat  is 
then  increased  until  the  oxide  and  sulphide  react  with 
each  other,  and  the  metal  is  liberated.  The  chemical 
change  is  expressed  by  the  equation  : — 

C1T2S  + 2CUO  = 4CU  + SO2. 

Cuprous  sulphide  and  cupric  oxide  yield  metallic 
copper  and  sulphur  dioxide.  The  copper  thus  obtained 
is  known  as  ‘ blister  copper,’  and  is  rendered  somewhat 
brittle  by  the  presence  of  some  oxide.  After  being 
remelted  and  refined  by  stirring  with  a pole  of  green 
wood,  a tough  and  fibrous  metal  is  obtained. 

Copper  is  a bright  red-coloured  metal,  rather  soft, 
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but  very  tough  and  malleable,  so  that  it  admits  of  being 
hammered  and  worked  into  vessels  of  various  forms. 
It  fuses  at  a very  high  temperature,  and  can  be  alloyed 
in  the  molten  state  with  many  other  metals.  With  half 
its  weight  of  zinc  it  forms  brass,  with  dilferent  pro- 
portions of  tin  the  varieties  of  bronze,  bell-metal,  and 
gun-metal  are  produced.  Our  English  bronze  coinage 
contains  95  per  cent,  of  copper,  with  4 per  cent,  of  tin, 
and  I per  cent,  of  zinc.  Alloyed  with  aluminium  the 
useful  golden-coloured  alloys  known  as  ‘ aluminium 
bronze  ’ are  produced. 

Copper  is  an  excellent  conductor  of  electricity,  and  is 
consequently  largely  used  in  connection  with  telegraphy, 
electric  lighting,  and  for  similar  purposes. 

Polished  copper  does  not  oxidise  to  any  extent  in 
dry  air  at  ordinary  temperatures,  but  becomes  tar- 
nished with  a superficial  coating  only  of  oxide  ; when 
heated  to  redness,  however,  the  oxidation  of  the  metal 
is  rapid. 

Copper  dissolves  readily  in  nitric  acid  producing  a 
nitrate,  and  in  aqua  regia  producing  a chloride  ; but  with 
hydrochloric  acid  the  metal  is  acted  on  very  slowly. 
In  a fine  state  of  division  it  dissolves  in  the  boiling  acid 
with  evolution  of  hydrogen. 

Copper  compounds  are  divided  into  two  classes — 
cuprous  and  cupric,  of  which  the  following  are  types  : — 


Cuprous  compounds. 

Cuprous  oxide  CujO. 

„ chloride  Cu^Cb- 

„ iodide  Cu^b- 

„ sulphide  Cu^S. 


Cupric  compounds. 

Cupric  oxide  CuO. 

„ chloride  CuCL. 

„ sulphate  CuSO^. 

„ nitrate  CuN.,Og. 


Cuprous  Chloride,  Cu^C^. 

This  compound  is  easily  obtained  by  digesting  to- 
gether copper  oxide,  metallic  copper,  and  excess  of 
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strong  hydrochloric  acid ; a dark  brown  liquid  con- 
taining cuprous  chloride  and  hydrochloric  acid  is  pro- 
duced. 

CuO  + Cu  + 2HC1  = Cu^Ch  + HjO. 

Upon  diluting  the  strong  solution  with  water,  cuprous 
chloride  separates  out  as  a white  powder  : this  chloride 
is  not  soluble  in  water,  hut  dissolves  in  strong  solutions 
of  hydrogen  cliloride,  or  the  chlorides  of  sodium,  potas- 
sium, and  ammonium,  forming  colourless  liquids.  These 
solutions,  which  contain  a double  chloride  (KCuClg'?)) 
are  decomposed  by  excess  of  water,  and  the  cuprous 
compound  precipitated.  An  important  property  of  the 
solutions  is  their  ability  to  absorb  carbonic  oxide  gas, 
for  which  purpose  they  are  used  in  the  analysis  of 
gaseous  mixtures.  The  cuprous  solutions  absorb  oxygen 
when  exposed  to  air,  by  chlorine  water  they  are  converted 
into  green  cupric  salts. 

Cuprous  Oxide,  CugO.  This  oxide,  frequently  called 
sub-oxide  or  red  oxide  of  copper,  is  obtained  by  re- 
ducing cupric  solutions  with  organic  bodies.  A solution 
of  copper  sulphate,  for  example,  is  mixed  with  grape 
sugar,  and  caustic  alkali  (soda  or  potash)  added  in  ex- 
cess; a clear  solution  of  a deep  blue  colour  is  obtained, 
which  on  warming  deposits  cuprous  oxide  varying  in 
tint  from  yellow  to  orange  and  bright  red.  By  the  use 
of  a standard  solution  of  copper  this  reaction  may  be 
employed  in  the  quantitative  estimation  of  sugars.  Bed 
oxide  of  copper  is  used  for  giving  a ruby  red  colour  to 
stained  glass. 

Cupric  Oxide,  CuO.  This  is  the  black  copper  oxide, 
which  may  be  obtained  by  igniting  -copper  nitrate,  or 
by  heating  the  metal  to  redness  in  air.  It  is  a stable 
compound,  but  when  heated  to  redness  in  hydrogen,  or 
in  carbonic  oxide,  becomes  reduced  to  the  metallic  state. 


2 1 8 Organic  Analysis. 

Cupric  oxide  is  employed  in  organic  analysis,  as 
when  an  organic  substance  is  mixed  with  the  oxide, 
and  heated  to  redness,  the  carbon  is  burnt  to  carbon 
dioxide,  and  the  hydrogen  to  water,  metallic  copper 
being  left.  Thus,  let  a weighed  amount  of  sugar  be 
mixed  with  excess  of  copper  oxide,  and  the  mixture 
brought  into  a hard-glass  combustion  tube.  This  is 
connected  with  a U-tube  containing  dry  calcium  chloride 
for  absorbing  the  water  formed,  and  also  a bulb  ap- 
paratus containing  solution  of  potash  for  taking  up  the 
carbon  dioxide.  The  combustion-tube,  when  thus  pre- 
pared, is  placed  in  a suitable  furnace  and  heated  to 
redness,  and  by  weighing  accurately  the  two  pieces  of 
absorption  apparatus  before  and  after  the  combustion, 
the  amounts  of  water  and  carbon  dioxide  generated  are 
ascertained.  From  these  data  the  carbon  and  hydrogen 
in  sugar  can  be  calculated,  and  the  oxygen  being  found 
by  difference,  the  percentage  composition  and  also  the 
formula  of  the  sugar  are  found. 

An  actual  example  will  make  this  clear.  *2  grams 
of  substance  when  burnt  with  cupric  oxide  produced 
•294  grams  of  CO2  and  *I20  grams  of  H2O.  From  these 
data  we  are  able  to  find  out  what  is  the  per-centage  com- 
position of  the  substance  (which  contains  only  carbon, 
hydrogen,  and  oxygen)  and  to  calculate  its  formula. 

Since  44  parts  of  COg  contain  12  of  C.,  the  amount  of 
carbon  in  the  sugar  is  -08  grams  or  40  per  cent.,  and  the 
hydrogen  present  being  one-ninth  of  the  water  formed, 
is  -013  grammes  or  6-66  per  cent.  We  get  therefore: — 

Carbon  = 40-00  per  cent. 

Hydrogen  = 6-66  „ 

Oxygen  = 5 3 ’34  „ by  difference, 

and  dividing  each  per  centage  by  the  atomic  weight  of 
the  element  we  get  a formula  C3.3  Hg.g  O3.3,  or  in 
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whole  numbers  CHgO.  The  formula  of  the  substance 
burnt  may  be  any  multiple  of  these  numbers,  as  CgH^Og, 

Cupric  Hydrate,  Cu(OH)2.  When  fixed  alkalies, 
potash,  or  soda  are  added  to  solutions  of  cupric  salts,  such 
as  the  sulphate  or  chloride,  a pale  blue  gelatinous 
precipitate  of  cupric  hydrate  is  thrown  down;  which,  if 
heated  to  the  boiling  temperature,  is  converted  into  the 
black  oxide. 

Cupric  Chloride,  CuClg.  By  direct  union  of  copper 
and  chlorine  a brown  chloride  is  formed,  which  dissolves 
in  water,  producing  a pale  blue  solution,  and  from  the 
solution  a bluish  green  hydrated  salt  is  obtained  by 
evaporation  having  the  composition  Cu  CI2, 2H20-  Cupric 
oxide  or  the  carbonate  may  also  be  dissolved  in  hydro- 
chloric acid  to  form  the  chloride. 

Cupric  Sulphate,  CuSO^.  This  is  the  common  sub- 
stance known  by  the  name  of  ‘ blue  vitriol.’  It  is  pre- 
pared on  the  large  scale  by  roasting  copper  pyrites  at 
a low  temperature,  when  by  absorbing  oxygen  it  is  con- 
verted into  the  sulphate. 

CUS  + O4  = CUSO4. 

The  crude  sulphate  is  dissolved  in  water,  and  obtained 
by  crystallisation  in  large  blue  crystals  containing 
CuSO^,  5H2O. 

The  sulphate  is  also  formed  by  acting  on  copper  with 
strong  sulphuric  acid, — 

Cu  + 2 H2  SO4  = Cu  SO4  + SO,  + 2 H,  0, 
or  otherwise  by  the  solution  of  cupric  oxide  in  sulphuric 
acid. 

Upon  heating  the  blue  crystals  until  they  lose  all  their 
water,  anhydrous  copper  sulphate  is  left  as  a white 
powder  ; it  recombines  eagerly  with  water,  becoming  hot 
if  wetted  and  changing  again  to  a blue  colour. 
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Cupric  Nitrate,  CuN20(j.  This  salt  is  formed  when 
copper  dissolves  in  nitric  acid,  as  in  the  preparation  of 
nitrogen  dioxide.  On  evaporation  of  the  blue  solution 
the  nitrate  is  obtained  in  deliquescent  blue  crystals. 
It  is  very  soluble  in  water,  and  when  heated  breaks  up 
into  black  cupric  oxide,  free  oxygen,  and  nitrogen 
oxides. 

Electrotyping  with  Copper.  When  a current  of  elec- 
tricity is  passed  through  a solution  of  copper  sulphate, 
a decomposition  takes  place,  and  copper  is  deposited 
upon  the  negative  pole,  while  sulphuric  acid  is  liberated 
at  the  positive  pole,  and  oxygen  is  evolved ; this  how- 
ever only  describes  the  effect  when  platinum  poles  are 
used.  But  if  a sheet  of  copper  is  used  as  the  positive 
pole  sulphuric  acid  is  not  liberated,  since  it  attacks  and 
dissolves  the  copper  pole,  and  as  a consequence  the 
strength  of  the  solution  keeps  constant.  So  long  as 
the  current  continues  a deposition  of  copper  goes  on 
at  one  pole  and  a solution  of  copper  at  the  other  ; the 
copper  being  deposited  in  a coherent  film  over  the  sur- 
face of  any  object  attached  to  the  negative  pole.  Thus  an 
identical  reproduction  or  cast  of  the  object  is  produced, 
and  by  this  method  copies  of  wood-engravings,  letter- 
press,  etc.,  are  obtained  with  perfect  accuracy. 


Silver ; Ag.  (Argentum).  Atomic  weight,  103.  Specific 

gravity,  10-5. 

Silver  is  sometimes  found  native,  but  more  usually 
in  association  with  sulphur,  and  antimony,  arsenic,  or 
lead  sulphides  ; the  chloride  is  occasionally  met  with 
as  a mineral. 

The  extraction  of  silver  from  the  sulphide  is  effected 
by  roasting  with  salt,  so  as  to  convert  the  metal  into 
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chloride ; the  sulphur  becomes  oxidised  to  sulphate, 
which  combines  to  form  sodium  sulphate  : — 

Ag.jS  + 2NaCl  + 2O2  = 2AgCl  + Na2S04. 

Any  copper  or  ii'on  in  the  ore  becomes  converted  also  in 
part  to  chloride,  or  in  part  to  sulphate. 

The  silver  is  next  separated  by  the  process  of  amalga- 
mation with  mercury.  The  roasted  mass  of  chlorides 
etc.  is  put  into  revolving  tubs  with  water  and  scraps  of 
iron,  and  kept  in  motion.  The  iron  reduces  the  chloride 
to  metallic  silver,  and  some  mercury  being  added  to  the 
contents  of  the  cask,  the  reduced  silver  is  dissolved, 
forming  an  amalgam  with  the  mercury : by  a sub- 
sequent distillation  the  two  are  separated,  the  volatile 
mercury  being  driven  off,  leaving  a residue  of  silver, 
and  usually  also  some  copper. 

Most  lead  ores  contain  silver,  which  is  extracted  along 
with  the  lead.  The  method  of  separating  the  silver  from 
lead  is  described  in  the  chapter  upon  the  latter. 

Silver  is  a beautiful  white  metal,  capable  of  taking  a 
high  polish ; it  does  not  oxidise  in  air,  but  after  a time 
becomes  tarnished  and  blackened  from  the  formation  of 
sulphide.  The  melting-point  of  silver  is  960"  C.,  and  it 
boils  at  the  temperature  of  about  1600°  C. ; it  can  be 
distilled  in  the  oxy-hydrogen  blowpipe  flame. 

Silver  is  a malleable,  ductile  metal,  and  silver  wire  is 
the  best-known  conductor  of  electricity. 

When  used  for  coinage,  silver  is  alloyed  with  copper ; 
thus  in  English  coinage  7-5  per  cent,  of  copper  is  used,  in 
French  10  per  cent. 

Silver  is  made  into  cups  and  tankards,  spoons  and 
forks,  by  hammering  and  stamping  ; but  for  many  pur- 
poses objects  are  coated  with  a fllm  only  of  the  metal, 
the  jplaiing^  as  it  is  termed,  being  soldered  on. 


222 


Silver. 


Electroplating.  Metal  articles  are  plated  with  silver 
by  the  electric  current.  A solution  of  silver  cyanide  in 
potassium  cyanide  is  used ; the  object  to  be  silvered  is 
attached  to  the  negative  pole,  and  a plate  of  silver  used 
on  the  positive  pole,  so  as  to  maintain  the  strength  of 
the  solution.  The  quantity  of  silver  thrown  down  at  one 
pole  during  the  passage  of  the  current  is  equal  to  the 
quantity  dissolved  at  the  other. 

Silvering  on  Glass.  Silver  salts  may  be  reduced  to 
the  metallic  state  by  numerous  organic  substances,  such, 
for  example,  as  tartrates,  milk  sugar,  aldehyde,  etc.,  and 
under  suitable  conditions  the  silver  separates  as  a bright 
metallic  coating.  Thus,  if  a few  grains  of  calcium  tar- 
trate are  placed  in  a test  tube  with  a little  weak  am- 
monia, and  a crystal  of  silver  nitrate  added,  upon  gently 
warminof  the  tube  a brilliant  film  of  metallic  silver  will 
form  on  the  glass. 

Mirrors  are  now  frequently  made  by  silvering  instead 
of  being  coated  with  mercury-tin  alloy.  Solution  of  silver 
nitrate,  with  a little  ammonia,  is  made  alkaline  with 
pure  potash  and  grape  sugar  added ; the  silver  deposits 
upon  the  glass  without  heating,  and  after  washing  and 
drying  is  very  coherent.  It  is  usually  protected  after- 
wards by  a coating  of  varnish  applied  to  the  back. 

Silver  dissolves  readily  in  nitric  acid,  but  on  account 
of  the  insolubility  of  its  chloride,  will  not  dissolve  in 
hydrochloric  acid  or  aqua  regia.  Strong  sulphuric  acid 
converts  it  into  sulphate. 

The  following  are  some  typical  silver  compounds ; — 

AgoO  Silver  oxide. 

AgCl  „ chloride, 

AgNOg  „ nitrate. 

Ag.^SO^  „ sulphate. 

A peroxide  of  silver  [Ag2  02  or  AgO]  has  been  ob- 
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tained ; it  is  the  only  silver  compound  known  corre- 
sponding to  cupric  oxide. 

Silver  is  represented  in  its  compounds  as  a monad 
element  like  potassium,  but  their  vapour  densities  not 
being  known,  the  true  molecular  weight  of  the  salts  of 
silver  is  not  yet  ascertained  with  certainty.  An  experi- 
ment recently  performed  gives  80-4  as  the  density  of 
vapour  of  silver  chloride,  the  theoretical  value  being 
7 1 *7  for  AgCl. 

Silver  Nitrate,  AgNOg.  Nitric  acid  dissolves  silver 
readily,  nitric  oxide  is  given  off,  and  the  nitrate  formed. 
The  salt  is  soluble  in  water,  and  is  obtained  by  evapora- 
tion in  colourless  crystals,  which  are  anhydrous.  It  fuses 
at  a low  heat,  and  when  cast  into  sticks  is  known 
as  ‘lunar  caustic,’  being  used  as  a caustic  for  surgical 
purposes.  A solution  of  silver  nitrate  is  used  in  the 
laboratory  as  a reagent,  since  many  acid  radicles  by 
forming  insoluble  silver  salts  produce  characteristic  pre- 
. cipitates.  For  example  : — 

2AgN0g-h  K2Cr04  = Ag2Cr04  + 2KNO3. 

The  crimson  silver  chromate  is  formed  by  mixing  a 
soluble  chromate  with  solution  of  silver  nitrate. 

Silver  Chloride,  AgCl.  By  adding  to  solution  of 
silver  nitrate  any  soluble  chloride,  the  silver  is  preci- 
pitated in  combination  with  chlorine. 

The  chloride  of  silver  is  a curdy,  white  substance,  in- 
soluble in  nitric  acid,  but  readily  dissolved  by  ammonia. 
The  bromide  and  iodide,  which  may  be  obtained  in  a 
similar  manner,  are  yellowish  in  colour,  and  the  latter 
compound  is  not  dissolved  by  ammonia.  All  three  are 
soluble  in  solution  of  sodium  hyposulphite, — a fact  of 
much  importance  in  the  production  of  photographic 
pictures. 


2 24  Mercury, 

The  compounds  of  the  halogen  elements  with  silver 
are  decomposed  by  exposure  to  light  to  a remarkable 
extent,  and  this  property  is  the  basis  of  many  photo- 
graphic processes.  Chloride  of  silver  alone,  if  exposed 
to  light,  is  seen  to  change  colour  to  violet  and  black,  but 
in  the  presence  of  organic  bodies  the  change  takes  place 
far  more  rapidly. 

A glass  plate  coated  with  a film  of  gelatine  containing 
particles  of  silver  bromide,  if  exposed  in  a camera  for  a 
small  fraction  of  a second  to  the  image  of  a landscape 
focussed  upon  the  plate,  is  chemically  affected  by  the 
light  falling  on  it,  and  by  means  of  reducing  agents, 
such  as  ferrous  oxalate  or  pyrogallic  acid,  a picture 
can  be  developed  in  the  film,  varying  in  light  and  shade 
just  as  the  image  allowed  for  an  instant  to  fall  on  it 
varied  in  its  different  parts. 

Mercury ; Hg.  Hydrargyrum.  Atomic  weight,  200. 

Molecular  weight,  200.  Specific  gravity,  13-6. 

The  metal  mercury,  like  the  others  of  the  group,  is 
found  in  the  free  state,  but  it  appears  not  to  be  as.widely 
distributed  in  nature  as  copper  and  silver.  The  principal 
ore  is  cinnabar  (HgS),  but  mercurous  chloride  (Hg2Cl2), 
as  well  as  the  iodide  (Hg2l2)  and  selenide  (HgSe),  are 
sometimes  found.  Metallic  mercury  is  readily  obtained 
from  the  sulphide : a mixture  of  cinnabar  and  lime  is 
heated,  and  the  mercury  distilling  off  is  collected  in 
receivers. 

HgS  + Ca0  = Hg  + 0 + CaS. 

Calcium  sulphide  is  thus  obtained,  but  becomes  in  part 
oxidised  to  sulphate,  Ca  SO4.  Sometimes  the  separation 
of  mercury  is  accomplished  simply  by  cautious  oxidation 
of  the  ore  : — 


HgS+0,  = Hg  + S0,. 
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Mercury  is  a bright  white  metal,  liquid  at  ordinary 
temperatures.  It  solidifies  at  — 39°C.,  and  can  be  frozen 
by  a mixture  of  solid  carbon  dioxide  and  ether,  or  by 
the  evaporation  of  liquefied  gases,  such  as  nitrous  oxide, 
ethylene,  etc.  At  385°  C.  it  boils,  and  can  be  purified 
from  traces  of  other  metals  by  the  process  of  distillation. 
The  density  of  mercury  vapour  is  100  times  that  of 
hydrogen,  so  that  the  molecular  weight  of  the  element  is 
200 ; for  200  parts  by  weight  of  mercury  vapour  occupy 
the  space  of  2 parts  by  weight  of  hydrogen,  i.  e.  Hg  : Hg. 
The  atomic  weight  of  mercury  is  200  also,  and  thus 
mercury  resembles  the  dyad  metals  zinc  and  cad- 
mium in  having  both  molecule  and  atom  of  the  same 
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mass. 

Mercury  is  a good  conductor  of  electricity,  and  alloys 
with  other  metals  producing  amalgams  of  a liquid  or 
pasty  character,  according  to  the  proportion  of  mercury 
in  the  mixture.  It  combines  energetically  with  sodium 
and  potassium,  with  evolution  of  heat  and  light.  The 
best  solvent  for  mercury  is  nitric  acid;  it  dissolves  also 
in  aqua  regia,  forming  perchloride,  but  hydrochloric  acid 
is  almost  without  action  on  it.  Strong  sulphuric  acid 
converts  the  metal  into  mercurous  sulphate,  sulphur  di- 
oxide being  liberated.  Mercury  forms  two  well-defined 
series  of  compounds — mercurous  and  mercuric,  of  which 
the  following  may  serve  as  examples  : — 


Mercurous  compounds. 
Hg2  0 Mercurous  oxide. 
Hg2Cl,  „ chloride 

Hg2N2  0g  „ nitrate. 

Hg2S04  ,,  sulphate 


Mercuric  compotmds. 


HgO  Mercuric  oxide. 

HgCb 

chloride. 

HgN2  0e 

nitrate. 

HgSO^ 

sulphate. 

HgS 

sulphide. 

Mercurous  Oxide,  Hg^  O.  Mercurous  oxide  is  pro- 
duced by  the  action  of  potash  or  other  alkali  upon  mer- 
curous salts.  If  added  to  a solution  of  mercurous  nitrate. 
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potash  produces  a black  precipitate  of  this  oxide.  It 
breaks  up  readily  into  metal  and  mercuric  oxide. 

Mercuric  Oxide,  Hg  O.  Red  oxide  of  mercury  or 
Red  Precipitate.  This  is  the  oxide  formed  by  the  pro- 
longed heating  of  mercury  in  air : thus  made  it  is  a 
dull  red  crystalline  powder.  If  mercury  nitrate  (alone 
or  mixed  with  mercury)  be  heated,  the  oxide  is  left  as 
bright  red  crystalline  scales,  but  when  a soluble  mercuric 
salt,  for  example  mercuric  chloride,  is  mixed  with  alkali 
(soda  or  potash),  the  oxide  is  thrown  down  as  a yellow 
amorphous  powder.  Both  red  and  yellow  oxides  are 
used  in  medicine.  All  the  forms  give  when  heated 
oxygen  and  metallic  mercury. 

Mercurous  Chloride,  "ELg^  Clg.  Calomel. 

The  lower  chloride  of  mercury,  known  as  calomel,  can 
be  formed  from  the  elements,  or  is  produced  as  a white 
precipitate  by  mixing  mercurous  nitrate  with  hydro- 
chloric acid  or  a soluble  chloride,  such  as  sodium 
chloride  : — 

Hg,N,06  + 2HCl  = Hg,Cl,  + 2HN03. 

It  is  commonly  made  by  subliming  a mixture  of  mer- 
curic chloride  and  metallic  mercury. 

HgCb  + Hg  = Hg,Ck. 

Or  otherwise  a mixture  of  mercurous  sulphate  and  com- 
mon salt  is  gently  heated  until  the  calomel  sublimes. 

Hg.SO^  + 2NaCl  = Na,SO,  + Hg.CL,. 

Since  the  calomel  thus  made  may  contain  traces  of  the 
soluble  poisonous  chloride  (HgClg),  it  must  be  well 
washed  to  dissolve  out  that  substance. 

Calomel  is  a white  powder,  becoming  buff  or  brown- 
ish in  colour  when  exposed  to  light.  It  is  not  soluble  in 
water,  and  when  heated  sublimes  without  fusion  ; potash 
converts  it  into  black  oxide,  and  it  also  blackens  with 
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ammonia.  Aqua  regia  dissolves  calomel,  converting  it 
into  the  higher  chloride,  HgClg,  but  hydrochloric  acid 
decomposes  it  into  mercury  and  mercuric  chloride. 
Calomel  is  used  in  small  doses  as  a purgative  medicine. 

Mercuric  Chloride,  HgCl2.  Corrosive  Sublimate. 

Mercuric  chloride  may  be  obtained  by  allowing  mer- 
cury to  combine  with  excess  of  chlorine,  but  it  is  com- 
monly made  by  sublimation.  A mixture  of  mercuric 
sulphate  and  salt  is  heated  in  a glass  flask  placed  in  a 
sand  bath  ; the  action  is  as  follows  : — 

HgS04  + 2NaCl  = HgCb  + Na2S04. 

The  sodium  sulphate  formed  in  the  action  is  left,  and  the 
mercury  compound  volatilised  into  the  upper  part  of 
the  vessel. 

Mercuric  chloride  is  a colourless  crystalline  salt, 
soluble  in  water,  and  also  in  alcohol.  It  is  a violent 
and  dangerous  poison ; and  indeed  this  is  a character 
of  many  mercury  compounds.  A solution  of  mercury 
chloride  mixed  with  stannous  chloride  yields  first  a 
white  precipitate  of  calomel,  and  fihally  a grey  powder 
of  metallic  mercury. 

2HgCl2  + SnCb  = HgaCb  + SnCh. 

Hg  Cb  + Sn  CI2  = Hg  + Sn  Cb  • 

Solution  of  mercuric  chloride  has  great  antiseptic 
properties,  as  it  is  fatal  to  the  organisms  causing  pu- 
trescence, and  it  is  much  used  for  the  preservation  of 
anatomical  specimens,  and  for  preserving  skins  and 
furs. 

Solid  mercuric  chloride  melts  at  265°  C.,  and  boils  at 
295°  C.  ; its  vapour  density  is  135-5,  and  the  molecule 
therefore  weighs  271  and  is  represented  by  Hg  Cl^. 

White  Precipitate,  HgClNH2.  When  ammonia  is 
added  to  solution  of  corrosive  sublimate,  a white  preci- 
pitate is  obtained,  in  which  half  the  chlorine  originally 
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present  is  replaced  by  the  radicle  NH2.  It  is  therefore 
called  mercuric  chlor-amide,  and  is  formed  according  to 
the  following  equation : — 

Hg  Cl,  + 2 NH3  = Hg  Cl,  NH,  + NH,  Cl. 

The  black  substance  produced  when  solution  of  ammonia 
is  poured  upon  calomel  is  similar  in  character,  and  is 
mercurous  chlor-amide,  HggCl,  NHg. 

Molecular  Weight  of  Calomel. 

Much  difference  of  opinion  has  existed  as  to  the  mole- 
cular formula  of  calomel ; whether  it  should  be  written 
235-5  = Hg  Cl,  or  as  47i=Hg2  Clg.  By  numerous  experi- 
ments it  has  been  shown  that  the  vapour-density  is 
about  118,  which  corresponds  to  the  molecule  HgCl; 
but,  on  the  other  hand,  it  has  been  shown  that  calomel 
vapour  amalgamates  gold  leaf  and  apparently  dissociates 
by  heating  into  mercuric  chloride  and  mercury.  If  the 
dissociation  were  complete  we  should  get : — 

Hg,Cl,  = Hg  + HgCl,. 

[2  vols.]  ? 2 vols.  2 vols. 

The  dissociation,  however,  is  certainly  limited  in  amount, 
and  not  complete  as  represented  by  the  equation : and 
the  vapour-density  does  not  vary  in  such  a way  as  to 
support  the  hypothesis  of  gradual  dissociation.  We  may 
therefore  suppose  that  the  molecule  of  calomel  vapour  is 
really  represented  by  Hg  Cl,  which  may  be  more  or  less 
dissociated  without  change  of  density — 

2HgCl  = Hg  + HgCl,. 

2x2  vols.  2 vols.  2 vols. 

Experiments  on  the  density  of  the  vapour  of  a mixture 
of  calomel  and  corrosive  sublimate  give  for  calomel  a 
value  about  118,  and  so  support  this  view.  In  the  case 
of  such  mixtures,  too,  no  free  mercury  could  be  detected 
in  the  vapour  when  it  came  into  contact  with  a gilt 
surface. 
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Mercurous  Nitrate,  Hg^NgOg. 

In  contact  with  cold  dilute  nitric  acid,  metallic 
mercury  is  converted  into  mercurous  nitrate  ; but  if  the 
metal  be  heated  with  strong  nitric  acid,  mercuric  nitrate 
is  formed.  There  are  several  basic  mercurous  nitrates 
known  besides  the  normal  salt  which  crystallises  with 
two  molecules  of  water,  — Hg^Ng^cj  Thus  the 

normal  mercurous  nitrate  decomposes  with  water,  form- 
ing a yellow  basic  nitrate,  Hg^HgNgOy: — 

2Hg2N2  06  + 2H20  = Hg4H2N208+2HN03. 

Another  subnitrate  in  large  transparent  crystals  is  formed 
by  digesting  an  excess  of  mercury  with  dilute  nitric 
acid;  its  composition  is:  — Hg8H2Ng02g  or  4Hg20, 
3N2O5,  OH2. 

Solutions  of  mercurous  nitrates  give,  with  hydro- 
chloric acid,  a white  precipitate  of  calomel  or  mercurous 
chloride  ; with  alkalies  they  give  the  black  mercurous 
oxide. 

Mercuric  Nitrate,  HgNgOg.  This  mercuric  salt  is 
formed  by  long-continued  heating  of  the  solution  made 
by  dissolving  mercury  in  excess  of  nitric  acid,  but  may 
be  conveniently  obtained  by  dissolving  mercuric  oxide 
in  nitric  acid  : — 

Hg0  + 2HN0g  = HgN206  + H20. 

It  crystallises  from  a strong  acid  solution  in  transparent 
crystals,  which  are  very  deliquescent.  When  much 
diluted  with  water  the  salt  is  decomposed,  and  a basic 
salt  left,  which  by  long  washing  with  hot  water  finally 
loses  all  its  nitric  acid,  leaving  only  mercuric  oxide. 

Vermilion,  Mercuric  Sulphide,  HgS.  The  mineral 
sulphide  of  mercury  is  known  as  cinnabar ; it  is  of  a 
dull  red  colour,  becoming  brighter  when  rubbed.  If 

0 

mercury  and  sulphur  are  triturated  together  a black 
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amorphous  sulphide  [Aethiops’  mineral]  is  obtained ; but 
when  cautiously  sublimed,  the  compound  is  converted 
into  the  red  crystalline  modification  known  as  V ermilion, 
which  is  identical  in  composition  with  the  other  variety. 
Vermilion  is  also  prepared  in  the  wet  way:  by  acting 
upon  the  black  sulphide  for  some  time  with  potash 
containing  dissolved  sulphur  [in  the  form  of  potassium 
pentasulphide],  it  slowly  becomes  converted  into  a fine 
bright  scarlet  powder.  Vermilion  is  used  as  a pigment 
in  painting  and  for  colouring  sealing-wax. 


CHAPTER  XXV. 


TETRAD  METALS.  TIN  AND  LEAD. 

The  metals  Tin  and  Lead  belong  to  the  group  of 
tetrad  elements,  both  forming  dioxides.  Tin  too  forms 
a definite  tetrachloride,  SnCl^,  and  the  formation  of 
the  organic  compounds  tin  tetrethyl,  Sn(C2H5)4,  and 
lead  tetrethyl,  Pb  (023^5)4,  in  which  the  ethyl  group, 
C2  H5,  is  a monovalent  radicle,  is  also  indicative  of  tetrad 
character. 

Both  metals  can  be  readily  reduced  from  their  oxides, 
and  are  permanent  in  air  at  ordinary  temperatures ; 
they  are,  however,  fusible  at  low  temperatures,  and  when 
fused  rapidly  become  converted  into  oxides. 

Tin ; Sn.  Stannum.  Atomic  weight,  118.  Specific 

gravity,  7*3. 

The  only  ore  of  tin  of  practical  importance  is  Tin 
Stone,  Sn02,  which  is  found  in  a few  localities,  chiefly  in 
Cornwall,  Malacca,  and  Australia,  To  extract  the  tin  the 
ore  is  crushed  to  powder  and  washed  in  running  water ; 
the  heavy  tin  stone  is  left,  while  the  lighter  impurities 
are  carried  away.  It  is  next  roasted,  in  order  to  burn 
away  the  arsenical  iron  pyrites  present ; arsenic  and 
sulphur  are  thus  volatilised  as  oxides,  ferric  oxide  being 
left.  A second  washing:  removes  most  of  the  iron 
oxide,  and  fairly  pure  tin’  dioxide  is  obtained : this  is 
reduced  to  metal  by  heating  with  powdered  charcoal. 
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Tin  is  a bright  white  metal,  with  good  metallic  lustre  ; 
it  melts  at  235°  C.,  and  volatilises  only  at  a high  tem- 
perature. The  metal  is  obscurely  crystalline,  and  crackles 
when  bent ; it  becomes  brittle  when  hot,  and  at  about 
200°  may  be  readily  powdered. 

Tin  is  much  used  for  coating  copper  vessels  used 
in  cooking,  and  for  covering  sheet  iron,  which  is  then 
known  as  ‘tin  plate.’  If  a clean  surface  of  either 
copper  or  iron  is  dipped  into  molten  tin,  the  metal 
adheres  very  strongly.  An  amalgam  of  tin  foil  and 
mercury  was  commonly  used  for  coating  glass  mirrors, 
but  the  ‘silvering’  is  now  more  generally  done  with 
silver  reduced  from  solution  by  means  of  organic  sub- 
stances. 

With  lead,  tin  produces  the  fusible  alloys  known  as 
pewter  and  solder  ; mixed  with  copper  in  varying  pro- 
portions it  makes  gun  metal,  bell  metal,  and  bronze. 

Metallic  tin  is  soluble  in  hydrochloric  acid,  forming 
stannous  chloride,  and  in  aqua  regia  forming  stannic 
chloride  ; but  nitric  acid  converts  it  into  a white  powder 
consisting  of  the  hydrated  dioxide. 

The  compounds  of  tin  are  divided  into  two  classes, 
of  which  the  following  substances  are  typical : — 

Stannous  compounds.  Stannic  compoimds. 

SnO  Stannous  oxide.  S11O2  Stannic  oxide. 

Sn(OH).2  „ hydrate.  Sn(OH)4  „ acid. 

SnClg  „ chloride.  SnCh  ,,  chloride. 

Stannous  Chloride,  Sn  Cl^. 

Metallic  tin  dissolves  in  hot  hydrochloric  acid,  hy- 
drogen being  liberated,  and  the  solution  on  evaporation 
deposits  crystals  of  hydrated  stannous  chloride,  SnClg, 
2H2O.  The  water  can  be  expelled  by  heating  the 
crystals  in  a closed  vessel  out  of  contact  of  air;  but 
if  the  heating  is  done  in  an  open  vessel,  oxygen  is 
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absorbed  and  an  oxychloride  produced.  The  anhydrous 
chloride  is  formed  by  heating  a mixture  of  tin  filings 
with  mercuric  chloride.  The  mercury  is  first  dis- 
tilled off,  and  afterwards  the  stannous  chloride  at  a 
red  heat  can  be  volatilised.  The  vapour  density  of 
stannous  chloride  at  high  temperatures  indicates  a mole- 
cular weight  of  189  = SnCl2. 

Stannous  chloride  absorbs  both  oxygen  and  chlorine 
eagerly,  and  is  often  employed  as  a reducing  agent.  It 
completely  reduces  salts  of  mercury,  silver,  and  gold  to 
the  metallic  state,  and  chromates,  manganates,  etc.  are 
brought  to  a lower  stage  of  oxidation.  Ferric  and  cupric 
compounds  are  also  reduced  to  the  ferrous  and  cuprous 
states.  Crystallised  double  salts  are  formed  by  the  union 
of  stannous  chloride  with  the  chlorides  of  potassium, 
ammonium,  etc. ; such,  for  example,  as  K2SnCl4. 

Stannous  Oxide,  SnO.  This  oxide  is  left  on  heating 
stannous  oxalate  in  a tube  drawn  out  to  a point,  which 
allows  gas  to  escape  while  excluding  air. 

SnC2  04  = Sn0  + C0  + C0,. 

It  is  a brownish-black  powder,  permanent  in  air  at 
ordinary  temperatures,  but  burning  to  dioxide  if  heated 
in  air  or  oxygen. 

The  hydrate,  2SnO,  H2O,  is  obtained  as  a white  pre- 
cipitate by  addition  of  potash  to  stannous  chloride.  It 
dissolves  in  acids  or  in  excess  of  potash,  but  not  in 
ammonia. 

Stannous  Sulphide,  SnS.  Solution  of  stannous  salts, 
such  as  the  chloride,  yield  with  hydrogen  a brown  pre- 
cipitate of  hydrated  stannous  sulphide.  Like  the  oxide 
it  dissolves  in  potash  ; it  also  dissolves  in  yellow 
ammonium  sulphide,  becoming  by  addition  of  sulphur 
converted  into  disulphide,  Sn  S2 ; when  on  adding  acid 
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to  the  solution,  the  disulphide  is  thrown  down  as  a 
yellow  precipitate. 

Stannous  solutions  are  converted  into  stannic  com- 
pounds by  oxidising  agents,  such  as  chlorine,  bromine, 
aqua  regia,  etc. 

Stannic  Oxide,  SnOg.  Tin  dioxide.  This  compound 
is  found  native  as  tin  stone  or  cassiterite,  and  is  the 
oxide  formed  when  metallic  tin  is  heated  in  air.  It 
is  very  insoluble  in  acids,  but  like  silica,  when  fused 
with  alkaline  carbonates,  forms  a salt  with  the  alkaline 
metal,  which  is  soluble  in  water.  Sodium  stannate,  for 
example,  is  Nag  SnOg,  corresponding  to  sodium  carbonate, 
NagCOg,  or  sodium  silicate,  NagSiOg. 

Stannic  Acid,  Sn(OH)4.  When  dilute  acid  is  cautiously 
added  to  an  aqueous  solution  of  stannate,  a white  gela- 
tinous precipitate  of  stannic  acid  is  obtained  of  the 
composition  Sn(OH)4.  By  drying  the  precipitate  in 
vacuo  it  loses  water,  becoming  Hg  Sn  Og,  and  on  appli- 
cation of  strong  heat  it  is  rendered  anhydrous. 

Stannic  acid  dissolves  in  alkalies  forming  stannates, 
it  is  also  soluble  in  hydrochloric  acid. 

A hydrated  oxide  of  tin,  known  as  metastannic  acid, 
is  produced  by  the  action  of  nitric  acid  on  metallic  tin ; 
it  appears  to  be  a condensed  acid  of  the  composition 
HjoSosOis- 

Stannic  Chloride,  SnCk.  The  anhydrous  chloride 
is  obtained  by  passing  chlorine  gas  over  heated  tin,  or 
otherwise  by  the  distillation  of  a mixture  of  tin  and 
a sufficiency  of  corrosive  sublimate  : — 

Sn  -f  2 Hg  CL  = Sn  Ch  + 2 Hg. 

It  is  a heavy  fuming  liquid,  boiling  at  ii6°C. ; with 
a small  quantity  of  water  it  forms  a clear  solution,  but 
this  on  dilution  decomposes  into  stannic  acid,  which 
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separates  as  a white  gelatinous  precipitate,  and  soluble 
hydrochloric  acid.  Many  double  chlorides  may  be  ob- 
tained by  the  union  of  stannic  chloride  with  alkaline 
and  other  metallic  chlorides  ; they  are  typified  by  the 
compound  KgSnClg.  The  vapour  density  of  stannic 
chloride  is  approximately  130,  and  accordingly  the 
formula  is  SnCl^  (mol.  wt.  260). 

Stannic  Sulphide,  SnS2-  The  disulphide  of  tin  is 
used,  under  the  name  of  ‘ Mosaic  gold,’  as  a bronze 
powder.  It  is  prepared  by  heating  together  an  amalgam 
of  tin  and  mercury  with  sulphur  and  sal  ammoniac: 
some  calomel  and  cinnabar  sublime  and  a scaly  mass 
of  stannic  sulphide  remains.  A yellow  precipitate  of 
stannic  sulphide  is  obtained  by  the  action  of  hydrogen 
sulphide  on  stannic  solutions. 

Like  the  dioxide,  it  possesses  acid  characters,  it  dis- 
solves in  potash  and  in  alkaline  sulphides,  producing 
' sulpho-stannates.  Sodium  sulpho-stannates  of  the  com- 
position Na2SnS3  and  Na4SnS4  may  be  prepared  in  this 
manner,  as  yellowish  or  nearly  colourless  crystalline 
substances. 

Lead ; Pb.  Plumbum.  Atomic  weight,  207.  Specific 

gravity,  11*4. 

The  most  important  lead  ore  is  galena,  PbS,  since 
this  is  almost  the  only  source  from  which  metallic  lead 
is  obtained. 

The  smelting  of  lead  is  very  simple.  After  the  ore 
has  been  separated  from  earthy  matters  it  is  placed  on 
the  hearth  of  a furnace,  and  heated  in  an  oxidising 
flame,  the  air  being  freely  admitted  to  the  furnace. 
In  this  roasting  sulphur  burns  ofi*  as  dioxide,  and  a 
portion  of  the  lead  is  converted  into  oxide,  some  sul- 
phate also  being  formed.  Then  the  mass  is  mixed 
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together,  the  furnace  closed,  and  the  heat  considerably 
increased.  The  metal  is  produced  by  the  changes  repre- 
sented in  the  equations  : — 


2PbS  + 
PbS  + 
2PbO  + 
PbSO,+ 


3 0 , = 2 Pb  0 + 2 SO2 ) 
2 02  = PbS04  f 
PbS  = 3Pb  + S02 
PbS  = 2Pb  + 2S02  j 


Roasting. 

Reduction. 


In  the  reduction  the  lead  sulphide  and  oxide  react  to 
form  metallic  lead  and  sulphur  dioxide.  In  case  of  the 
oxidation  being  carried  too  far,  the  excess  of  oxide 
and  sulphate  of  lead  are  reduced  by  an  addition  of 
carbon. 

Refining.  Lead  containing  foreign  metals,  such  as  tin 
or  antimony,  is  purified  by  refining.  For  this  purpose 
the  metal  is  melted  in  shallow  pans,  and  allowed  to 
oxidise  on  the  surface  ; the  tin  and  other  impurities  are 
the  first  oxidised  and  can  be  removed  by  skimming. 

Extraction  of  Silver.  The  refined  lead  still  contains 
silver,  which  can  be  obtained  in  several  ways.  In  the 
process  devised  by  Pattinson,  and  named  after  him,  the 
lead  is  melted  in  a large  pot,  one  of  a series  of  iron  pots 
conveniently  arranged  in  a row,  and  permitted  to  cool 
until  crystals  form  in  it.  The  crystals  are  nearly  pure 
lead,  and  are  ladled  out  from  the  more  fusible  silver- 
lead  alloy  as  they  form,  and  placed  in  the  pot  next  on 
the  right ; about  one-fifth  of  the  metal  is  left  at  last,  and 
this  is  removed  to  the  pot  next  on  the  left.  By  a repe- 
tition of  the  process  the  silver  is  concentrated  in  the 
lead,  which,  when  it  reaches  the  last  pot  of  the  row, 
may  contain  200  ounces  to  the  ton  (nearly  i per  cent.), 
while  the  desilverised  lead  will  not  contain  more  than 
half  an  ounce  of  silver  to  the  ton.  The  quantity  origin- 
ally present  may  ho.ve  been  5 or  6 ounces  per  ton. 

Cupellation.  To  extract  the  silver  from  the  rich 
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alloy,  it  is  customary  to  separate  all  the  lead  as  oxide. 
This  operation  is  done  on  a porous  hearth  or  cupel, 
made  chiefly  of  bone  ash  (calcium  phosphate),  which 
forms  the  bed  of  a reverberatory  furnace.  The  lead 
being  melted,  a current  of  air  blown  Upon  the  surface 
converts  it  into  the  oxide,  litharge,  which  fuses  and 
runs  off  from  the  metal.  At  the  end  of  the  operation 
a brilliant  mass  of  metallic  silver  is  left.  The  lead 
converted  into  litharge  is  recovered  by  fusion  with 
charcoal. 

Another  method  of  desilverising  lead  is  the  Parkes’s 
process,  in  which  zinc  is  used.  A quantity  of  zinc  is 
stirred  into  the  melted  lead,  and  after  a time  an  alloy  of 
zinc  and  silver  rises  to  the  surface  and  can  be  skimmed 
off  The  silver  is  recovered  from  the  alloy  with  zinc  by 
distilling  off  the  zinc.  Any  traces  of  zinc  left  in  the  lead, 
which,  as  lead  does  not  take  up  more  than  a small  limited 
quantity  of  zinc,  are  not  large,  are  removed  by  exposing 
the  melted  metal  to  the  oxidising  action  of  the  air,  or  a 
current  of  superheated  steam,  whereby  the  zinc  becomes 
converted  into  oxide,  and  pure  lead  left. 

Lead  is  a soft,  white  metal ; a freshly-scraped  surface 
being  lustrous,  but  rapidly  tarnishing  and  becoming 
bluish  when  exposed  to  the  air.  It  melts  at  330°,  and 
is  volatilised  at  high  temperatures.  If  a stick  of  zinc 
be  hung  in  a solution  of  lead  acetate  (sugar  of  lead),  the 
metallic  lead  will  deposit  on  the  zinc  and  grow  into  a 
mass  of  crystalline  plates,  known  as  a lead  tree.  Lead 
is  drawn  into  pipes  for  carrying  water,  and  in  the  form 
of  sheet-lead  is  used  for  roofing.  It  is  a poisonous  metal, 
and  taken  even  in  small  quantities  accumulates  in  the 
body,  eventually  exerting  a poisonous  action. 

Lead  alloyed  with  tin  forms  pewter  or  solder ; with 
antimony  the  alloy  used  for  casting  printing  type  is 
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obtained.  When  used  for  making  shot  a little  arsenic 
is  commonly  added  to  the  lead  to  harden  it. 

Metallic  lead  dissolves  in  nitric  acid,  but  not  in  hydro- 
chloric acid  or  aqua  regia,  except  in  limited  quantity,  the 
chloride  of  lead  being  insoluble  ; sulphuric  acid  is  almost 
without  action  on  it. 

In  its  compounds  lead  commonly  appears  as  a dyad, 
as,  for  example,  in  PbO,  PbClg,  PbSO^ ; but  in  some 
compounds  it  shows  tetrad  characters,  as  in  PbOg,  and 
especially  in  the  volatile  organic  compound  lead  te- 
trethide,  Pb(C2H5)^;  in  which  an  atom  of  lead  is  com- 
bined with  four  monovalent  ethyl  (CgH^)  groups. 

The  following  are  some  of  the  chief  lead  compounds : — 

PbO  Lead  protoxide.  PbO.2  Lead  dioxide. 

Pb^Og  Lead  sesquioxide.  PbCb  Lead  chloride. 

PbgO^  Red  lead  oxide.  PbN^Og  Lead  nitrate. 

Lead  Protoxide,  PbO.  Litharge. 

Lead  protoxide  is  formed  when  lead  is  heated  in  air ; 
at  a high  temperature  a scaly  mass  of  litharge  is  ob- 
tained, but  at  a lower  heat  the  yellow  powder  known  as 
massicot  is  formed.  When  alkalies  are  added  to  lead 
solutions,  such  as  nitrate  or  acetate,  a white  precipitate 
of  lead  hydrate  is  thrown  down ; which  when  dried  and 
heated  turns  yellow,  as  it  loses  water. 

This  lead  oxide  is  a basic  substance,  with  slightly 
alkaline  characters  ; it  absorbs  carbonic  acid  from  the 
air ; and  is  soluble  in  the  alkalies  potash  and  soda. 

B-ed  Lead  Oxide,  Pb3  04.  The  oxide  known  as 
Bed  Lead  is  somewhat  variable  in  composition,  some 
specimens  being  composed  chiefly  of  the  sesquioxide 
Pb2  03.  Red  lead  is  made  by  exposing  the  powdered 
protoxide  or  massicot  in  a furnace  at  a temperature  of 
320'’  C.,  oxygen  is  then  absorbed. 

6PbO  + Oj  = 2Pb30^. 


Lead  Salts. 


239 

It  has  the  character  of  a compound  oxide,  as  nitric  acid 
removes  protoxide  from  it,  leaving  dioxide,  thus  : — 

Pb304  + 4HN03  = 2PbN3  06  + Pb02  + 2H20. 

Red  lead  is  used  as  an  oxidising  substance,  especially 
in  the  manufacture  of  flint  glass. 

Lead  Dioxide,  PbOg.  Peroxide  of  Lead. 

This  oxide  is  left  as  a brown  powder  by  the  action  of 
nitric  acid  on  red  lead.  It  does  not  dissolve  in  that 
acid,  and  if  heated  with  sulphuric  acid  forms  sulphate, 
oxygen  being  liberated.  It  is  soluble  in  strong  hydro- 
chloric acid,  forming  a yellow  liquid,  which  contains 
a tetrachloride,  PbCl4.  Lead  dioxide  is  otherwise 
obtained  by  adding  alkaline  hypochlorites  to  lead 
solutions. 

Lead  Carbonate,  PbCOg.  White  Lead. 

The  normal  carbonate  of  lead  is  found  as  a mineral, 
and  may  be  obtained  by  precipitation ; a basic  com- 
pound, or  hydrate-carbonate,  is  manufactured  on  a large 
scale,  and  commonly  called  White  Lead.  In  the  ‘ Dutch 
process  ’ of  manufacture,  small  gratings  of  cast  lead  are 
exposed  to  the  vapour  of  vinegar  and  carbonic  acid ; 
the  vinegar  (acetic  acid)  being  placed  in  pots,  and  lead 
placed  above  it ; the  pots  are  buried  in  spent  tan  or 
manure.  By  the  joint  action  of  the  acid  and  oxygen  of 
the  air  a basic  lead  acetate  is  produced,  which  in  turn 
becomes  slowly  changed  into  carbonate  by  the  carbonic 
acid  gas  evolved  in  the  fermentation  of  the  vegetable 
matter.  The  acetic  acid  thus  liberated  produces  fresh 
acetate,  and  only  a small  quantity  of  the  acid  is  required 
for  the  operation.  After  some  weeks  the  metal  becomes 
entirely  converted  into  a white  crust  of  carbonate;  of 
which  the  composition  is  commonly  ^PbCOg,  Pb(OH)2. 

Lead  Nitrate,  PbNgOg.  The  nitrate  is  easily  prepared 
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by  the  action  of  dilute  nitric  acid  upon  lead,  or  by  dis- 
solving litharge  in  nitric  acid  ; it  is  a white  salt,  soluble 
in  water,  and  crystallising  in  octahedra.  When  strongly 
heated  it  decomposes  into  lead  oxide,  nitrogen  peroxide, 
and  free  oxygen. 

PbN206  = Pb0  + 2N0.,  + 0. 

A solution  of  lead  nitrate  with  hydrochloric  acid  or 
a soluble  chloride  yields  a white  precipitate  of  lead 
chloride,  PbCl2. 


CHAPTER  XXVI. 


PENTAD  METALS. 

Antimony  and  Bismuth. 

Antimony  and  Bismuth  belong  to  the  pentad  group 
of  elements,  which  form  the  following  complete  series  : 
Nitrogen,  Phosphorus,  Arsenic,  Vanadium,  Antimony,  and 
Bismuth. 

Antimony ; Sb.  Stibium.  Atomic  weight,  122.  Specific 

gravity,  6-8. 

The  metal  antimony  is  extracted  from  the  mineral 
sulphide,  or  antimonite,  SbgSg.  The  sulphide  being 
fusible,  is  separated  from  earthy  matters  by  melting, 
and  reduced  in  a crucible  by  charcoal  and  sodium  car- 
bonate. The  alkali  forms  sodium  sulphide,  and  the  anti- 
mony becomes  changed  into  oxide,  which  latter  by  the 
reducing  action  of  the  carbon  is  converted  into  metal. 

( Sb2S3  + 3Na,C03  = Sb203  + 3Na2S  + 3C02. 

jSb2()3  + 3C  = Sb2  + 3CO. 

Antimony  is  a bright,  white  metal,  brittle,  and  crystal- 
line in  structure.  It  fuses  at  a temperature  of  450°  and 
volatilises  at  a red  heat.  The  metal  is  permanent  in  air 
when  cold ; but  rapidly  oxidises  when  heated  above  melt- 
ing-point. It  combines  with  chlorine  eagerly,  and  the 
finely-divided  metal  takes  fire  if  sprinkled  into  ajar  of 
the  gas. 

The  compounds  of  antimony  fall  into  two  groups  of 
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antimonious  and  antimonic  compounds,  of  which  the  fol- 
lowing are  the  more  important : — 

Antimonious  compounds. 

SbClg  Antimony  tricliloride. 

SbHg  ,,  hydride. 

Sb2  03  „ trioxide. 

SbOCl  ,,  oxychloride. 

Sb^Sg  „ trisulphide. 

Antimonic  compounds. 

SbClg  Antimony  pentachloride. 

Sb2  0g  Antimony  pentoxide. 

Sb204  or  [Sb^Og,  Sb20g]  Antimony  tetroxide. 

Antimony  Trichloride,  Sb  CI3 . This  chloride  is  pre- 
pared by  acting  on  excess  of  antimony  with  chlorine ; by 
dissolving  antimony  sulphide  in  strong  hydrochloric  acid 
and  evaporating,  or  by  dissolving  the  metal  in  aqua 
regia.  If  the  evaporation  be  done  in  a retort,  after  the 
acid  has  been  driven  off  the  trichloride  begins  to  distil 
over  and  condenses  as  a white  crystalline  solid,  known 
as  butter  of  antimony.  It  fuses  at  72°C.,  boils  at  223°, 
and  the  density  of  the  vapour  is  114,  corresponding  to 
the  molecule  Sb  CI3 . 

By  the  action  of  water  it  is  converted  into  the  white 
insoluble  oxychloride : — 

SbClg  + H^O  = SbOCl  + 2HCl. 

Antimony  Pentachloride.  Sb  Cl^.  This  chloride,  cor- 
responding to  phosphorus  pentachloride,  can  only  be 
obtained  by  acting  on  the  metal  with  chlorine.  It  is  a 
fuming  liquid,  and  decomposes  with  water  into  (i)  the 
oxychloride,  SbOCl3;  (2)  the  oxychloride,  SbOgCl;  and 
{3)  antimonic  acid,  Sb02(0H). 

The  oxychlorides  and  the  antimonic  acid  are  obtained 
as  white  precipitates. 

Antimony  pentachloride  separates,  when  heated,  into 
trichloride  and  free  chlorine. 
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Antimony  Trioxide,  Sb2  O3 . If  metallic  antimony 
be  heated  in  a tube  in  a slow  current  of  air  crystals  of 
the  trioxide  are  obtained,  which  pass  with  access  of 
more  oxygen  into  the  tetroxide  Sb2  O4 . The  trioxide 
is  thrown  down  as  a white  precipitate  on  pouring  solu- 
tion of  trichloride  into  boiling  sodium  carbonate.  It  is 
a whitish  powder,  soluble  in  caustic  potash,  forming  the 
unstable  antimonite,  KSb02;  bub  its  acid  properties  are 
feeble. 

If  antimony  trioxide  is  boiled  with  a solution  of 
acid  potassium  tartrate,  it  dissolves,  and  on  crystallising, 
the  salt  known  as  Tartar  Emetic  is  obtained. 

Sb,  O3  + 2 KHC4  H,  Os  = 2K  (Sb  0)  C4  H,  Oe  + 0. 

Antimony  Tetroxide,  Sb2  O4.  This  is  the  most 
stable  of  the  antimony  oxides  ; it  is  obtained  by  heating 
the  trioxide  in  air,  or  by  heating  the  pentoxide  to  red- 
ness, when  it  loses  ox^^gen.  It  is  also  prepared  by 
acting  on  metallic  antimony  with  strong  nitric  acid,  and 
heating  the  white  residue  of  antimonic  acid  so  produced. 
It  is  a heavy  infusible  powder,  and  hardly  soluble  in 
acids.  AVith  acid  potassium  tartrate  it  decomposes, 
forming  tartar  emetic,  and  leaving  antimonic  acid. 

(Sb0)Sb03  + KHC4H4  06  = K(SbO)  C4H4  06  + HSb03. 

Antimony  Pentoxide,  Sbg  O5.  The  pentoxide  of  an- 
timony is  left  as  a white  powder  when  antimonic  acid  is 
gentl}"  heated. 

Antimonic  Acids. 

There  are  three  typical  antimonic  hydrates  corre- 
sponding with  the  phosphoric  acids,  but  not  quite  as  dis- 
tinct from  each  other  in  characters. 

Sb2  0g  + 3H.2  0 = 2H3Sb04,  ortho-antimonic  acid. 

Sb^0g-f2Pk0  = H^Sb.^Oy,  metantimonic  acid. 

Sb^Og  + H^O  = 2HSb03,  antimonic  acid. 

The  first  hydrate  (ortho-antimonic)  is  unknown,  and 
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no  salts  have  been  produced  corresponding  with  it ; but 
potassium  and  other  metallic  antimonates  may  be  ob- 
tained of  the  composition  Sb^  0^  and  K SbOg. 

When  metallic  antimony  is  treated  with  strong  nitric 
acid,  containing  some  hydrochloric  acid,  a white  almost 
insoluble  powder  of  antimonic  acid,  HSbOg,  is  obtained 
and  an  acid  HSb  O3  2 Hg  O or  Hg  Sb  O5  is  formed  by  act- 
ing on  potassium  antimonate  with  nitric  acid. 

Antimony  Sulphides.  Antimony  trisulphide  (hydrated) 
is  obtained  as  an  orange  precipitate  by  the  action  of 
hydrogen  sulphide  on  antimonious  solutions.  If  dried 
and  heated  it  fuses,  and  becomes  grey  and  crystalline  like 
the  native  sulphide.  It  may  be  also  made  directly  by 
heating  antimony  with  sulphur.  Antimony  sulphide  is 
a feebly  acid  substance ; it  dissolves  in  caustic  alkali,  and 
also  in  solutions  of  alkaline  sulphide,  producing  Sulphan- 
timonites  ; meta-sulphantimonites  being  typified  by 

Na2S  + Sb2S3-  2NaSbS,2; 
and  ortho-sulphantimonites  by 

3Na2S-fSb2S3  = 2Na3SbS3- 

Antimony  trisulphide,  when  boiled  with  free  sulphur 
and  sodium  sulphide,  forms  a soluble  sulphantimonate, 

T fi  n Q * — — 

+ + = 2Na3SbS4. 

This  sodium  sulphantimonate  is  known  as  Schlippe’s 
Salt ; it  can  be  obtained  in  crystals  by  evaporating  the 
liquid.  If  treated  with  acids  it  breaks  up,  and  hydrated 
antimony  pentasulphide  is  obtained  as  an  orange  pre- 
cipitate. 

Antimony  Hydride,  Sb  H3.  Antimonuretted  Hydro- 
gen or  Stibine.  The  hydride  of  antimony  is  formed 
under  similar  conditions  in  the  same  manner  as  arsenic 
hydride.  Its  production  may  be  shown  with  the  ap- 
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paratus  used  for  Marsh’s  Test  for  Arsenic.  Zinc  and 
dilute  sulphuric  acid  are  placed  in  a flask,  and  solution 
of  antimony  chloride  added  by  means  of  the  thistle  funnel; 
antimony  hydride  comes  off  mixed  with  hydrogen.  When 
the  gas  is  burnt  white  fumes  of  trioxide  are  produced, 
and  black  stains  are  deposited  upon  porcelain  brought 
into  the  flame.  The  metal  is  deposited  as  a dark  mirror 
if  the  gas  be  passed  through  a heated  tube.  Antimony 
stains  differ  from  those  of  arsenic  and  can  be  distinguished 
by  their  black  colour,  by  not  dissolving  in  hypochlorite 
solutions,  and  by  the  difference  in  volatility.  Stibine 
has  never  been  obtained  quite  pure  and  unmixed  with 
hydrogen ; see  page  148. 

Bismuth ; Bi.  Atomic  weight,  208.  Specific  gravity,  9*8. 

. Bismuth  is  a somewhat  rare  metal,  commonly  found 
native,  but  sometimes  as  oxide,  Bi20g,  or  sulphide,  Bi^Sg. 
The  ore  is  roasted,  and  afterwards  reduced  by  carbon 
with  the  addition  of  a flux ; as  the  metal  melts  at  a 
very  low  temperature  it  easily  separates  from  infusible 
impurities. 

Metallic  bismuth  is  a brittle  metal,  of  a bright,  almost 
white  colour,  but  with  a slight  tinge  of  red  or  rose  colour. 
It  forms  very  distinct  crystals  in  cooling  from  the 
melted  state.  When  pure  it  melts  at  about  270°  C.,  but 
alloyed  with  lead  it  forms  very  fusible  alloys.  Rose’s 
fusible  metal  (m.  p.  94°),  which  melts  in  boiling  water, 
contains  two  parts  of  bismuth,  one  of  lead  and  one  of 
tin.  Such  fusible  alloys  are  used  for  casting  stereotype 
copies  of  letter  press  and  wood  engravings,  and  for 
making  safety  plugs  for  steam  boilers. 

Bismuth  dissolves  readily  in  nitric  acid  and  aqua 
regia;  it  is  indifferent  to  hydrochloric  acid  and  cold 
sulphuric  acid  ; but  concentrated  sulphuric,  when  heated. 
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produces  bismuth  sulphate.  The  compounds  of  bismuth 
resemble  those  of  antimony,  but  are  more  marked  in 
their  basic  than  in  their  acid  characters. 

The  following  will  serve  as  examples  : — 

Bi2  03  Bismuth  trioxide. 

BiCb  „ trichloride. 

BifNOda  „ trinitrate. 

BiH2NOg  „ basic  nitrate. 

BiOCl  „ oxychloride. 

HBiOg  Bismuthic  acid. 

Bi2  0g  Bismuth  pentoxide. 

Bismuth  Nitrate,  BiNgOg,  or  Bi(N03)3. 

The  salt  is  obtained  in  good  crystals  by  dissolving 
the  metal  in  nitric  acid  and  evaporating  the  solution. 
The  crystallised  salt  contains  Bi(N03)3,  3 H2O  or 
EiH(jN3  0j2-  It  is  strongly  acid  in  character,  soluble 
in  nitric  acid,  but  decomposed  by  water  into  basic  nitrate 
and  free  nitric  acid. 

Bismuth  Oxynitrate  or  Basic  Nitrate,  BiH2N05,  or 
(Bi0)N03,H20.  This  nitrate  of  bismuth  is  obtained  as 
above  described  from  the  trinitrate.  The  metal  is  dis- 
solved in  nitric  acid,  the  solution  concentrated  to  expel 
excess  of  acid,  and  then  poured  into  80  to  100  volumes 
of  cold  water. 

Bi(N03)3  + 2H2  0 = BiH2N0g  + 2HN03. 

The  basic  nitrate  is  precipitated  as  a white  powder, 
which  is  used  in  pharmacy,  being  known  as  Bismufhi 
Siihnitras^  or  subnitrate  of  bismuth. 

Bismuth  Trichloride,  BiCl3.  The  highest  chloride  of 
bismuth  is  the  trichloride  ; it  is  formed  by  the  direct 
combination  of  the  metal  and  chlorine,  or  in  solution 
by  acting  upon  the  trioxide  with  hydrochloric  acid. 
The  solution  may  be  evaporated  to  expel  the  excess  of 
acid  and  the  resulting  white  salt  purified  by  sublima- 
tion or  distillation. 
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Bismiitli  trichloride  is  a white  crystalline  substance, 
decomposed  by  water,  but  dissolviug  in  hydrochloric 
acid.  If  the  solution  of  the  chloride  is  poured  into 
water  a white  precipitate  of  oxychloride  is  produced  : — 

BiClg  + H^O  = BiOCl  + 2HCl. 

Bismuth  Trioxide,  Bi203-  This  trioxide  is  obtained 
by  heating  the  hydrate,  carbonate,  or  nitrate.  When 
a solution  of  bismuth  is  decomposed  by  cold  potash  the 
hydrate  is  formed  as  a white  precipitate,  Bi(OH)3 ; but 
if  the  liquids  are  boiling  the  trioxide  is  at  once  produced. 
It  does  not  dissolve  in  alkalies,  and  is  almost  devoid  of 
acid  characters. 

Bismuthic  Acid,  HBi03.  This  compound  is  formed  by 
passing  chlorine  gas  into  boiling  solution  of  potash  con- 
taining bismuth  trioxide,  in  powder. 

Bb03  + 2Cb+4K0H  = 2HBi03  + 4KCl  + H,0. 

This  is  practically  equal  to  producing  the  oxidation  by 
potassium  hypochlorite.  Bismuthic  acid  is  a feeble  acid, 
and  easily  decomposed  on  heating  first  into  bismuth 
pentoxide  and  further  into  trioxide  and  oxygen. 

2HBi03  = Bb0g  + H20. 

There  is  a striking  difference  in  activity  between  this 
bismuth  acid,  HBiOg,  and  the  powerful  nitrogen  acid, 
HNO3,  the  first  of  the  pentad  series  of  elements. 


CHAPTEE  XXVII. 


ATOMIC  WEIGHTS  IN  KELATION  TO  THE  SPECIFIC 
HEATS  OF  ELEMENTS. 

Atomic  Heat. 

By  the  specific  heat  of  any  substance  is  meant  the 
amount'  of  heat  required  to  raise  one  gramme  of  the  sub- 
stance through  one  degree  of  temperature ; and  this  value 
is  commonly  expressed  in  relation  to  the  specifi'c  heat  of 
water  as  unity.  If  our  thermal  unit  be  the  heat  required 
to  raise  the  temperature  of  a gramme  of  water  from  o°  to 
i°C.,  we  can  define  the  specific  heat  of  any  substance  as 
being  the  number  of  thermal  units  required  to  raise  one 
gramme  through  one  degree  in  temperature.  This  value 
has  been  found  for  a large  number  of  bodies,  for  com- 
pound bodies  as  well  as  for  most  of  the  elements,  some 
of  the  results  being  given  in  the  table  opposite.  In 
the  first  column  are  the  elements,  in  the  second  the 
specific  heats,  in  the  third  the  atomic  weights,  and  in 
the  fourth  the  products  of  the  specific  heat  multiplied  by 
the  atomic  weight.  Since  the  specific  heat  refers  to  the 
heat  used  or  required  by  one  gramme,  if  this  value  be 
multiplied  by  the  atomic  weight,  we  get  the  quantity  of 
heat  used  by  the  atom  in  each  case : which  is  described 
as  the  atomic  heat. 

Sp.  heat  X at.  weight  = atomic  heat. 

Now  it  will  be  seen  that  while  in  the  table  the  specific 
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heats  form  a descending  series,  the  atomic  weights  are 
an  ascending  series : the  metal  Lithium  having  the 
lowest  atomic  weight,  but  the  highest  specific  heat,  while 
Uranium  has  the  highest  atomic  weight  and  the  lowest 
specific  heat.  The  products  obtained  by  multiplying 
them  together  are  all  approximately  equal ; that  is,  the 
atomic  heats  of  these  elements  are  all  substantially 
equal  to  each  other. 


Table  of  Specific  Heats,  etc.  of  Metallic  Elements. 


Element. 

Specific  Heat. 

Atomic  Weight. 

Atomic  Heat. 

Lithium 

Li 

•941 

7 

6-6 

Sodium 

Na 

•293 

23 

67 

Magnesium  Mg 

•250 

24 

6-0 

Aluminium 

A1 

•225 

27 

6.1 

Potassium 

K 

•166 

39 

6-5 

Iron 

Fe 

•II4 

56 

6-3 

Mickei 

Ni 

•108 

58-6 

6-3 

Cobalt 

Co 

•107 

59 

6-3 

Copper 

Cu 

•095 

63 

60 

Zinc 

Zn 

•093 

65 

6-1 

Arsenic 

As 

•082 

75 

6-1 

Silver 

Ag 

•056 

108 

6-0 

Cadmium 

Cd 

•055 

112 

6-1 

Tin 

Sn 

•055 

118 

6-5 

Antimony 

Sb 

•050 

120 

60 

Platinum 

Pt 

•032 

195 

6-3 

Gold 

Au 

•032 

196 

6-3 

Mercury 

Hg 

•032 

200 

6-4 

Lead 

Pb 

•031 

206 

6-4 

Bismuth 

Bi 

•031 

209 

6-4 

Uranium 

U 

•028 

240 

6-6 



'V 

This  generalisation  was  first  made  by  Dulong  and 
Petit,  and  they  contended  that  the  law  would  be  found 
to  apply  to  all  elements.  As  far  as  the  metallic  elements 
are  concerned  the  agreement  is  fairly  good,  and  the 
atomic  heats  are  always  about  6*4.  In  the  following 
table  the  specific  heats  of  some  non-metallic  elements 
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are  given,  which  it  will  be  seen  have  atomic  heats 
differing  greatly  from  each  other. 


Table  of  Specific  Heats,  etc.  of  Non -Metallic  Elements. 


Specific  Heat. 

Atomic  Weight. 

Atomic  Heat. 

Boron 

B 

•250 

II 

27 

do.  at  1000°  C. 

•500 

II 

5-5 

Carbon  diamond 

C 

•147 

12 

17 

do.  do.  at  1000°  C. 

•460 

12 

5'5 

graphite 

•198 

12 

24 

Silicon 

Si 

•166 

28 

4-6 

do.  above  230° 

•203 

28 

5-6 

Phosphorus  crystal 

P 

•174 

31 

54 

amorj)hous 

•170 

31 

5-3 

Sulphur  rhombic 

S 

•178 

32 

57 

Chlorine  gas 

Cl 

•093 

35-5 

3-3 

solid 

•180 

35-5 

6-6 

Bromine  liquid 

Br 

•III 

8o- 

8-8 

solid 

•084 

8o- 

6-7 

Iodine 

I 

•054 

127 

6*8 

It  is  evident  from  these  facts  that  the  atomic  heats 
of  some  elements  are  far  removed  from  the  value  6-4. 

* N 

The  difference  is  most  marked  - in  the  cases  of  the 
elements  Boron,  Carbon,  and  Silicon,  for  which  the 
determinations  of  specific  heats  were  made  in  the  ordi- 
nary way  at  temperatures  below  100°  C.  But  it  should 
be  recognised  that  while  the  atomic  weight  of  an  ele- 
ment is  an  unvarying  ratio,  it  is  found  that  the  specific 
heat  of  an  element  varies,  in  some  instances  considerably, 
according  to  its  physical  state,  bei«rg  greatest  for  the 
solid  and  least  for  the  gaseous  form,  and  also  it  increases 
with  a rise  of  temperature.  At  high  temperatures  the 
atomic  heats  given  in  the  table  for  carbon,  boron,  and 
silicon  are  approximately  5*5)  which  is  nearly  the  same 
value  as  that  given  for  phosphorus  and  sulphur  at 
ordinary  temperatures.  These  elements  of  course  be- 
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come  gaseous  at  high  temperatures,  while  the  former  three 
do  not,  and  no  comparisons  at  extreme  temperatures 
are  possible. 

By  the  application  of  the  law  of  Dulong  and  Petit 
we  may  be  able,  in  doubtful  cases,  to  decide  the  atomic 
weight  of  a metal.  For  example,  the  metal  Indium 
combines  with  chlorine  in  the  proportion  of  57  • 35'5’ 
and  we  might  write  the  formula  InCl  (atomic  weight 
of  indium  57'0)>  oi'  we  might  suppose  the  chloride  to  be 
InCl^  (atomic  weight  1 14),  or  even  InClg  (atomic  weight 
1 71);  in  each  case  the  ratio  of  metal  to  chlorine  would 
be  the  same.  But  when  it  is  found  by  a direct  experi- 
ment that  the  specific  heat  of  Indium  is  -057  we  cannot 
hesitate  to  accept  114  as  the  atomic  weight,  since 
(114  X *057  = 6-5)  this  value  gives  6-5  as  the  atomic  heat 
of.  the  metal. 

Molecular  Heats  of  Compounds. 

The  molecular  heat  of  a compound  is  found  in  the 
same  manner  as  the  atomic  heat  of  an  element,  by  mul- 
tiplying together  the  specific  heat  and  molecular  weight. 

For  example,  potassium  chloride  has  the  specific  heat 
•173  and  molecular  weight  74-5,  whence  (•173x74-5  = 
12-8)  the  molecular  heat  is  12-8.  It  is  found  that  the 
molecular  heats  of  the  chlorides  of  the  type  MCI  average 
12-8,  those  of  the  type  MClg  are  about  18-5. 

It  has  been  shown  in  numerous  instances  that  the 
molecular  heat  of  a compound  is  equal  to  the  sum  of 
the  atomic  heats  of  the  constituent  elements  in  the 
solid  form ; and  it  is  probable  that  with  a better  know- 
ledge of  the  true  specific  heats  of  the  bodies  in  question 
the  generalisation  will  be  more  perfectly  established. 
Thus  the  sulphides  of  the  formula  MS  have  a specific 
heat  of  about  12  and  6-4 + 5-7=  i2-i.  If  we  assume  the- 
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truth  of  this  relation  we  have  a means  of  estimating 
approximately  the  specific  heats  of  solid  oxygen,  nitro- 
gen, and  hydrogen  which  cannot  be  determined  by  any 
direct  experiment. 

Thus  the  molecular  heats  of — 


KCl  = 12-8 

KCIO3  = 24*8 

O3  by  difference  = 12 

and  the  atomic  heat  of  oxygen  is  4, 

KNO3  = 24*  I 

K = 64 

O3  = 12 

by  difference  N =57 

or  about  the  same  value  as  for  phosphorus, 

H,0(ice)  = 9 

0 =4 

H2  by  difference  = 5 


or  the  atomic  heat  of  solid  hydrogen  is  approximately  2-5. 


CHAPTER  XXVIII. 


THE  PHYSICAL  PROPERTIES  OF  GASES. 

The  three  States  of  Matter,  viz.  the  solid  state,  the 
liquid  state  and  the  gaseous  state,  depend  upon  certain 
conditions  of  temperature  and  pressure.  We  know,  for 
example,  that  some  solids  when  heated  melt  and  become 
liquid,  and  some  liquids  when  heated  boil  and  are  con- 
verted into  vapours  ; as  ice  becomes  water  and  water 
steam.  Althouo^h  there  is  no  real  distinction  between  a 
vapour  and  a gas,  the  term  vapour  is  used  generally  in 
respect  of  those  gases  which  easily  condense  under 
ordinary  conditions  of  temperature,  as  distinguished 
from  those  which  remain  gaseous  under  the  same  con- 
ditions. But  since  all  gases  are  now  known  to  be  con- 
densible, all  alike  are  to  be  regarded  as  vapours  produced 
from  liquids ; some  indeed  boiling  at  extremely  low 
temperatures  and  others  at  very  high  temperatures. 

The  changes  of  state  which  matter  undergoes  are  in 
the  first  place  dependent  upon  the  action  of  heat,  but 
the  conditions  as  regards  pressure  are  also  of  great  im- 
portance. As  regards  the  fusion  of  solids,  the  melting- 
point  is  affected,  but  only  to  a small  extent,  by  changes  of 
pressure ; but  the  temperature  at  which  a liquid  boils  or 
is  entirely  converted  into  vapour,  the  boiling  g)oint^  and 
vice  versa  the  temperature  at  which  a vapour  condenses 
to  a liquid,  are,  as  we  shall  see,  entirely  governed  by  the 
pressure  at  the  moment  of  the  change. 
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Solid  bodies  exhibit  infinite  degrees  and  varieties  of 
cohesion^  and  the  terms  bard,  brittle,  elastic,  tenacious, 
ductile,  malleable,  and  the  like,  are  used  to  express  the 
resistance  to  change  of  form  possessed  by  such  bodies. 
In  solids,  in  other  words,  it  is  evidently  difficult  by  using 
force  or  pressure  to  cause  the  particles  or  molecules  to 
move  upon  each  other,  but  the  difficulty  is  greater  in 
some  cases  than  in  others.  When  we  apply  heat  to  a 
solid,  since  the  solid  expands,  obviously  the  molecules 
are  set  in  motion,  but  within  limits  a change  of  size  is 
the  only  noticeable  result.  On  further  heating,  we  may 
produce  a chemical  change  or  decomposition,  or  the  body 
melts  to  a liquid,  the  change  of  state  being  accompanied 
by  an  absorption  of  heat. 

Liquids  possess  slight  cohesion,  being  easily  poured 
and  divided,  and  the  molecules  move  readily  about  each 
other,  so  that  liquids  take  the  form  of  the  containing 
vessel  with  a horizontal  free  surface ; left  to  themselves 
they  form  spheres  or  drops.  The  mobility  of  liquids  or 
their  viscous  characters  still  are  measurably  different ; 
thus  in  very  mobile  liquids,  such  as  ether  or  alcohol,  ' 
bubbles  formed  by  shaking  rise  and  break  quickl}^  much 
more  rapidly  indeed  than  they  do  in  water,  while  oil, 
glycerine,  solutions  of  sugar,  gum,  and  soap,  pour  slowly 
and  retain  bubbles  for  some  time. 

The  free  surface  of  any  liquid,  by  reason  of  the  cohesion 
between  the  molecules,  is  in. a condition  of  tension,  and 
requires  a perceptible  application  of  force  to  break  it. 

Latent  heat  of  fusion.  The  change  of  state  from  the 
solid  to  the  liquid,  whether  by  simple  fusion  or  in  the  act 
of  dissolving  a solid  in  water  or  other  liquid,  is  accom- 
panied by  a loss  of  heat.  The  heat  thus  absorbed  or 
rendered  latent  when  ice  is  melted  is  about  8o  c. ; see 

P-  37- 
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Gases  or  vapours  are  produced  by  the  continued  beat- 
ing of  bquids ; they  expand  on  heating,  the  rates  of  ex- 
pansion being  generally  larger  than  in  the  case  of  solid 
bodies,  and  also  increasing  rapidly  as  the  temperature 
rises.  When  we  are  dealing  with  a volatile  liquid,  which 
does  not  suffer  chemical  division,  vapour  is  continually 
given  off  from  the  surface  as  the  temperature  rises  until 
the  hoiling  gioint  is  reached,  when  the  tension  of  the 
vapour  becomes  equal  to  the  atmospheric  pressure. 

To  take  the  behaviour  of  water  as  an  example : sup- 
pose a few  drops  of  water  are  passed  into  a barometer 
tube  at  4°  C.,  say  with  the  mercury  at  760  m.m.,  we  find 
that  the  column  of  mercury  sinks  at  once  to  754  m.m., 
giving  6 m.m.  as  the  vapour  tension  of  water  at  4°C.  If 
the  tube  be  gradually  heated  the  vapour  tension  increases, 
as  is  shown  by  the  continued  sinking  of  the  mercury, 
until  at  ioo°C.  it  becomes  equal  to  the  atmospheric 
pressure,  and  the  mercury  stands  at  the  same  level 
inside  and  outside  of  the  tube.  This  increase  is  shown 
in  the  following  table  : — 


Valour  Tensions  of  Water. 


Temperature. 

Tension  in  millimetres. 

0 

0 

4*6 

10 

9-1 

20 

174 

40 

54-9 

60 

148-8 

80 

354-6 

90 

525-0 

100 

760-0 

The  vapour  under  the  conditions  of  the  experiment  is 
a saturated  vapour,  and  any  increase  of  pressure  produces 
liquefaction.  The  vapour  tensions  of  other  liquids  have 
been  determined  in  a similar  manner. 

The  boiling-point  of  wjU^er  under  barometric  pressure 
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of  760  m.m.  is  ioo°C.,  for  at  this  temperature  the  tension 
of  water  vapour  is  equal  to  the  atmospheric  pressure.  If 
we  lower  the  pressure  the  boiling-point  is  altered;  thus 
under  a pressure  of  525  m.m.  water  boils  at  90°,  or  under 
pressure  of  354  m.m.  at  80°,  and  so  on  as  in  the  table. 

Latent  heat  of  vaporization.  The  conversion  of  a 
liquid  into  a vapour  or  gas  is  accompanied  by  a striking 
increase  of  volume  ; thus  one  cubic  centimetre  of  water 
at  4°  which  weighs  one  gramme,  only  expands  by  heat- 
ing to  100°  by  about  one  twentieth  part,  becoming  1-05 
c.c. ; in  the  form  of  steam  however  it  measures  more  than 
1 200  c.c.  By  the  action  of  heat  the  molecules  of  water 
are  thus  driven  far  apart  and  set  in  active  motion  in  all 
directions  ; and  so  long  as  the  heating  is  maintained  this 
free  motion  of  the  gaseous  molecules  continues.  This 
great  expansion  is  accompanied  by  absorption  of  heat, 
used  in  the  work  of  driving  the  molecules  apart,  which 
since  it  no  longer  affects  the  thermometer  is  described  as 
latent  heat.  The  method  for  finding  the  quantity  of  heat, 
appearing  as  se?isihle  heat,  when  steam  is  passed  into 
water  is  described  on  p.  37;  the  value  thus  obtained  is 

563  c. 

Liquefaction  of  Gases.  The  inversion  of  the  heating 
or  vaporising  process  we  have  described  produces  lique- 
faction, and  it  is  now  demonstrated  that  all  gases  can  be 
reduced  to  the  liquid  state.  In  order  to  effect  this,  how- 
ever, it  is  necessary  to  employ  in  many  cases  an  increased 
pressure  as  well  as  a low  temperature. 

Sulphur  dioxide  is  liquefied  readily  by  a freezing 
mixture  or  by  a pressure  of  i ‘5  atmospheres ; Ammonia 
requires  4'5  atmospheres  at  o°C.,  Chlorine  9 atmospheres, 
and  Hydrogen  Sulphide  10  atmospheres. 

The  liquefaction  of  ammonia  in  a sealed  glass  tube 
was  shown  by  Faraday  in  the  following  way: — A well 
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annealed  strong  glass  tube,  bent  as  in  figure  55  with  one 
end  sealed,  is  charged  with  a solid  compound  of  silver 


chloride,  or  calcium  chloride,  saturated  with  ammonia 
gas : the  other  end  is  then  carefully  sealed  in  the  blow- 
pipe. Then  if  the  end  a be  heated  while  the  end  h is 
cooled  with  a freezing  mixture,  the  ammonia  will  be 
given  off  as  gas  from  the  compound,  and  the  pressure 
will  increase  within  the  tube  until  the  ammonia  lique- 
fies and  condenses  in  the  cold  part  of  the  tube. 

Liquefied  Nitrous  oxide  and  Carbon  dioxide  can  be 
obtained  by  pumping  the  gases  into  strong  iron  cylinders 
with  powerful  condensing  pumps ; the  pressures  or 
vapour  tensions  of  the  condensed  gases  are  about  33  and 
40  atmospheres  respectively. 

The  gases  most  difficult  to  liquefy,  and  which  have  in 

s 
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fact  only  within  a few  years  been  condensed  to  the 
liquid  state,  are  Hydrogen,  Oxygen,  Nitrogen ; and  the 
compound  gases  Nitric  oxide.  Carbonic  oxide,  and  Marsh 
gas.  Oxygen  was  first  liquefied  in  1877,  and  quite  in- 
dependently by  different  methods  by  two  experimen- 
talists, Messrs.  Pictet  and  Cailletet.  Since  that  date 
all  the  remaining  gases  have  proved  to  be  liquefiable. 
In  order  to  liquefy  oxygen,  a very  low  temperature  is 
obtained  in  the  condensing  tube,  by  the  evaporation  of 
condensed  carbon  dioxide  or  liquefied  ethylene  (C2H4); 
the  latter  gas  under  a pressure  of  i m.m.  boiling  at 
— 162C. ; at  this  low  temperature  oxygen  condenses  to 
a liquid  by  a pressure  of  about  5 atmospheres.  When 
the  pressure  is  taken  off  the  liquid  oxygen  boils  in  the 
tube  producing  still  lower  temperatures,  and  by  the 
intense  degree  of  cold  thus  obtained  carbonic  oxide  and 
nitrogen  have  been  frozen  to  snow-like  solids. 

Liquefied  air  under  a reduced  pressure  of  10  m.m.  boils 
at  — 22o°C. 

The  following  table  gives  the  temperatures  at  which 
the  several  liquids  boil ; under  a pressure  of  760  m.m.  of 
mercury ; — 

Boiling  Points. 


Temp. 


Sulphur  dioxide 

- 10°  C. 

Ammonia 

- 33“ 

Carbon  dioxide 

- 78“ 

Nitrous  oxide 

- 105° 

Nitric  oxide 

-154“ 

Marsh  gas 

-164” 

Carbonic  oxide 

- 190° 

Oxygen 

-182“ 

Nitrogen 

-194° 

Hydrogen 

-243° 

Press, 

760  mm. 


The  low  temperatures  are  measured  either  by  the  con- 
traction of  hydrogen  in  a suitable  glass  vessel  or  by  a 
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thermoelectric  couple  of  copper  and  german  silver  used 
with  a galvanometer. 

Critical  temperature.  If  heat  be  applied  to  a liquid 
contained  in  a strong  sealed  glass  tube  so  that  the  vapour 
cannot  escape,  when  the  temperature  rises  to  a given 
point  the  liquid  loses  its  free  surface,  and  no  difference 
between  the  liquid  and  its  vapour  can  be  detected ; the 
tube  being  apparently  full  of  gas.  It  is  evident  that 
during  the  heating  the  density  of  the  liquid  diminishes 
by  expansion  while  the  density  of  the  vapour  continually 
increases  with  the  increase  of  pressure  ; so  that  at  length 
the  densities  of  liquid  and  gas  are  equal.  At  the  instant 
Avhen  this  point  is  reached  the  free  surface  flickers  and 
disappears,  and  the  liquid  state  becomes  continuous  with 
the  gaseous  state.  The  temperature  at  which  the  change 
occurs  is  termed  the  critical  temperature  ; in  the  case 
of  water  the  critical  temperature  is  reached  at  about 
360^^0. ; for  alcohol  the  temperature  is  207°,  for  sulphur 
dioxide  210°,  and  for  carbon  dioxide  30*9°.  Above  its 
critical  temperature  a gas  cannot  be  reduced  to  a liquid 
by  any  pressure  however  great.  Thus,  at  — ii8°C.  oxy- 
gen may  be  liquefied  by  a pressure  of  50  atmospheres, 
but  above  such  a temperature  no  visible  liquefaction  can 
be  obtained,  although  the  compressed  gas  may  become 
more  dense  than  liquid  oxygen  itself. 

Diffusion  of  gases.  A gas  when  contained  in  a vessel 
fills  it  so  as  to  come  in  contact  with  the  inside  surface 
everywhere ; it  differs  thus  from  a liquid  which  only 
fills  that  part  of  the  vessel  containing  it  and  has  a free 
surface.  From  the  free  surface  of  a liquid  a continual 
escape  of  molecules  of  the  liquid  may  take  place  by 
evaporation,  but  by  the  attraction  of  molecules  for  each 
other  the  cohesion  is  sufficient  to  renew  and  maintain 

• 

the  surface  of  a liquid.  This  is  not  the  case  with  gases. 
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and  if  the  vessel  containing  any  gas  be  open  to  the  air 
at  any  point  the  gas  will  escape  outwards  while  air 
will  pass  inwards. 

Or,  similarly,  if  we  bring  two  vessels  containing  differ- 
ent gases  into  connection  with 
each  other,  a perfect  mixture 
of  the  gases  by  diffusion  into 
each  other  will  take  place. 

This  property  of  gaseous 
diffusion  may  be  shown  with 
two  flasks  connected  by  a 
tube,  as  in  fig.  56.  The 
upper  flask  is  filled  with 
hydi’ogen  and  the  lower  with 
the  heavier  oxygen  ; after  a 
time  an  explosive  mixture  will 
be  found  in  each  flask,  some 
hydrogen  having  travelled 
downwards  while  oxygen  has 
passed  up. 

The  diffusion  of  gases  will 
also  take  place  through  porous 
substances,  such  as  plaster 
of  Paris,  unglazed  earthen- 

Fig.  56. 

ware,  or  discs  of  compressed 
plumbago,  blotting  paper,  etc.  Hydrogen  diffuses  mth 
remarkable  rapidity,  as  may  be  shown  by  the  apparatus 

in  fig-  57- 

The  jar  h,  in  the  figure,  is  closed  Avith  a porous  disc 
which  is  prepared  by  mixing  plaster  of  Paris  to  a cream 
with  water  in  a plate  and  standing  the  jar  in  it : when 
the  plaster  sets  it  forms  a porous  bottom  to  the  jar. 
The  plaster  is  allowed  to  dry,  and  being  covered  with 
a glass  plate  the  jar  is  filled  Avith  hydrogen:  if  the 
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mouth  of  the  tube  be  brought  into  a little  coloured 
water,  and  the  plate  removed,  the  hydrogen  diffuses 
rapidly  out  of  the  jar,  and  air  passes  in  less  rapidly,  so 
that  the  water  is  sucked  up  the  tube  into  the  jar. 


J'ig-  57. 


The  rates  of  diffusion  of  different  gases  were  the  subject 
of  a number  of  careful  experiments  by  Graham,  who 
observed  the  times  required  for  the  passage  of  different 
gases,  either  through  tubes  or  minute  holes,  cr  through 
porous  plates  of  such  materials  as  graphite,  plaster  of 
Paris,  or  earthenware.  It  was  found  that  the  rate  of 
difftision  is  in  inverse  ratio  to  the  square  root  of  the  density 
of  the  gas,  and  this  relation  holds  true  whether  the 
diffusion  takes  place  into  another  gas  or  into  a vacuum. 
The  following  table  will  show  how  nearly  the  rate  thus 
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calculated  agrees  with  the  results  of  experiment ; the 
velocities  of  diffusion  are  referred  to  air  as  the  standard 
of  both  density  and  velocity  of  diffusion  : — 


Gas. 

Density. 

Square  root 
of  density. 

I 

a/  density. 

Velocity  of 
diffusion. 

Air 

I 

I 

I 

I 

Hydrogen 

■0692 

-263 

3779 

3-83 

Marsh  gas 

•559 

747 

1-337 

1-344 

Nitrogen 

•971 

-985 

1-014 

1-014 

Oxygen 

1-105 

I -05 1 

-951 

-948 

Carbon  dioxide 

1-529 

1-236 

-808 

-812 

It  will  be  seen  from  the  table  that  the  velocity  of 
diffusion  of  hydrogen  is  four  times  that  of  oxygen,  while 
the  square  roots  of  their  relative  densities  are  in  the  ratio 
of  one  to  four. 

Expansion  of  gases  by  heat. 

The  general  effect  of  heating  a gas  is  to  increase  the 
volume  if  the  pressure  remains  unchanged.  We  can 
easily  show  the  fact  of  expansion  of  air  when  heated  by 
the  following  experiment : a small  flask  is  fitted  with  a 
cork  and  tube  like  the  upper  flask  h in  figure  56,  and 
supported  with  the  end  of  the  tube  dipping  into  water. 
If  the  flask  be  warmed  with  a flame,  or  by  pouring  hot 
water  over  it,  the  air  within  becomes  warmer,  and  in 
expanding  some  is  driven  out  and  escapes  in  bubbles 
through  the  water  ; and  the  pressure  in  the  flask  is  of 
course  unaltered.  Then,  as  the  flask  cools  again,  the 
air  contracts  and  a certain  quantity  of  water  will  pass 
up  the  tube  and  possibly  into  the  flask. 

To  express  definitely  the  amount  of  expansion  of  a 
gas  it  is  necessary  to  compare  the  measured  expansion 
with  the  volume  at  a definite  point,  and  the  standard 
selected  as  convenient  is  the  volume  at  the  temperature 
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of  melting  ice  or  o°C.  By  careful  experiments  it  has 
been  found  that  one  volume  of  air  at  o°C.  when  heated 
to  100°  becomes  1*366,  and  that  other  gases  expand  by 
nearly  the  same  amount.  From  this  it  is  plain  that 
(the  expansion  being  uniform)  the  increase  of  volume 
for  one  degree  is  *00366  of  the  volume  at  zero^  and  this 
factor,  which  is  very  nearly  represented  by  2 termed 
the  coefficient  of  expansion. 

The  law  is  expressed  conveniently  by  the  formula — 


where  V^  is  the  volume  at  f and  Vq  the  volume  at  0°, 
from  which  it  follows  that — 


+ 1 

F.  = and 

' 273 


273  . 

273 + i5 


Since  the  expansion  is  of  the  volume  at  0°,  then 

273  c.c.  at  0°  become  274  c.c.  at  1°,  275  c.c.  at  2°,  and 
so  on. 

We  can  illustrate  the  use  of  the  formula  by  two  ex- 
amples : — 

Suppose  a quantity  of  hydi'ogen  to  measure  250  c.c. 
at  0°,  what  will  it  measure  at  60°  ? 


250  X 
250  X 


273  + 60 

273 

273 


= volume  at  6o“, 
= 304-9  c.c. 


50  c.c.  of  air  are  measured  at  i7°C. ; find  the  volume  at  0° : 


273 

Fn  = 50  X — ^ = 47-07  C.C. 

“ 290 

A simpler  formula  for  calculation  is — 

F _ r 

V,  - T,' 

in  which  V and  Tj,  are  the  volumes  and  T and  T-^  are  the 
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absolute  temperatures  obtained  by  adding  273  to  the 
observed  temperatures  t and  t ; viz. — 

r=  273  + ^ 2^1  = 273  + ^1. 

This  formula  is  equivalent  to  the  statement  that  the 
volume  of  a gas  varies  directly  as  the  absolute  tem- 
perature. 

Boyle’s  or  Marriotte’s  law.  W e have  now  to  consider 
the  effect  of  changes  of  pressure  on  the  volume  of  a gas, 
the  temperature  being  unchanged. 

This  may  be  shown  with  a U-shaped  bent  tube, 
with  its  shorter  limb  closed  and  the  longer  leg  open  to 
the  air  ; some  mercury  is  poured  down  the  longer  limb 
so  as  to  enclose  the  air  in  the  shorter  limb,  and  when 
the  mercury  is  level  in  the  two  tubes  the  enclosed  air  is 
obviously  at  atmospheric  pressure,  say  at  760  m.m.  If 
more  mercury  is  then  poured  in,  the  air  will  be  com- 
pressed into  a smaller  space,  the  pressure  upon  it  being 
indicated  by  the  difference  of  level  of  the  mercury. 
When  the  mercury  in  the  long  leg  stands  at  a height 
of  760  m.m.  (or  about  30  inches)  above  that  in  the  short 
leg,  the  volume  will  be  one  half  of  the  original  volume, 
and  the  total  pressure  is  the  original  atmospheric  pres- 
sure of  760  m.m.,  plus  the  added  mercurial  column  of 
760  m.m.,  making  two  atmospheres.  Thus  by  doubling 
the  pressure  the  volume  is  halved.  If  the  pressure  be 
increased  by  another  atmosphere  the  volume  becomes  one- 
third,  and  so  on.  It  has  been  demonstrated  by  accurate 
measurements  that  for  air  and  most  gases  the  volume  of 
the  gas  varies  inversely  as  the  pressure.  The  law  thus 
stated  is  commonly  known  as  Boyle’s  law. 

We  may  conveniently  express  this  fact  by  the  for- 
mula— 
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where  P and  P^  are  the  pressures  and  V and  the 
volumes.  From  this  it  follows  that  P x V = P-^x  ov 


. P 

PP  is  constant,  and  also  Pj  = from  which  we  can 

calculate  the  volume  at  any  pressure. 

To  take  an  example : a gas  in  a eudiometer,  standing 
over  mercury,  measures  96  c.c.  at  a pressure  of  350  m.m., 
required  the  volume  at  760  m.m.  pressure  : — 


350 

P = 96  X I .’.  Pi  — 44'2  c.c. 

It  should  be  observed  that  Boyle’s  law  is  approxi- 
mately correct  for  all  gases  when  far  removed  from 
their  liquefying  point,  but  at  high  pressures,  as  a gas 
approaches  the  conditions  of  its  change  to  the  liquid 
state,  the  relation  no  longer  holds  good.  It  is,  however, 
u^ed  for  all  ordinary  purposes  of  calculation  in  regard  to 
gases,  such  as  arise  in  the  analysis  by  the  eudiometer 
and  similar  problems. 

A flask  holding  4 btres  is  filled  with  oxygen  at  1 5°C., 
the  barometer  standing  at  750  m.m.,  required  the  volume 
of  oxygen  at  0°  and  760  m.m.  Here  we  must  reduce 
both  temperature  and  pressure  to  the  standard ; the 
corrected  volume  is  — 


4000  X 


760 


X 


273 , 

288’ 


or  3742  c.c. 


Suppose  the  weight  of  the  gas  to  be  required : one 
gramme  of  hydrogen  measures  11-2,  litres  (i  1200  c.c.)  at 
0°  and  760  m.m.,  and  the  density  of  oxygen  being  16, 
it  follows  that  16  grammes  of  oxygen  measure  11.2  litres, 
then  the  weight  will  be 

16  X 3742 

grammes  ; or  5 ‘345  g. 
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Acid  salts,  74,  153. 

Acids,  theory,  150,  153. 

Aethiop’s  Mineral,  229. 

Agate,  138. 

Air,  a mixture,  45,  49. 

Air  and  Nitrogen,  42,  45. 

Air,  Composition  by  Volume,  47. 
Composition  by  Weight,  48. 

Alkali  manufacture,  163. 

Alkali  metals,  157. 

Alkalies,  properties  of,  160. 

Alkaline  Earths,  172,  173. 

Alloys,  156. 

fusible,  245. 

Aluminium,  188. 
salts,  189. 

Alums,  190,  209. 

Amalgamation,  221. 

Amalgams,  225. 

Ammonia,  93. 

characters,  94,  95. 
preparation,  95. 
compounds,  96. 

Ammonia-Soda  process,  166. 

Ammonium  amalgam,  170. 
nitrate,  96. 
salts,  168. 

Analysis,  6. 

quantitative,  6. 
qualitative,  6. 
of  gases,  32. 

Antimonates,  244. 

Antimonic  Acids,  243. 

Antimonite,  241. 

Antimony,  241. 

compounds,  242. 

Apatite,  112. 

Aqueous  Vapour  in  Air,  45. 

Aragonite,  173. 

Arsenates,  146. 

Arsenic,  144. 
oxides,  145. 


Arsenic  acid,  146. 
hydride,  147. 
sulphides,  146. 

Arsenious  acid,  146. 

Arsenites,  146. 

Arsine,  147. 

Atmospheric  Air,  45. 

Atomic  Heat,  248. 

Theory,  7. 

Weights,  10. 

Weight  and  Specific  Heat, 
248. 

Atomicity,  150. 

Atoms  and  Molecules,  7. 

Augite,  141. 

Avogadro’s  Hypothesis,  8. 

Barium,  178. 

salts,  178. 

Baryta,  179. 

Bases,  153. 

Basicity,  153. 

Bell-metal,  216. 

Beryllium,  181. 

Bessemer  Process,  198. 

Bibasic  Acids,  154.  y 

Bismuth,  245. 
salts,  246. 

Bismuthic  acid,  247. 

Bittern,  163. 

Black  Ash,  163,  164. 

Blast  Furnace,  195. 

Bleaching  powder,  87. 

Blowpipe  flame,  61. 

Boiler  crust  or  fur,  175. 

Boiling  points,  253,  255,  258. 

Bone  ash,  112. 

Boracic  acid,  136. 

as  antiseptic,  137. 

Borates,  137. 

Borax,  137. 

Boric  acid,  136. 
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Boron,  135, 

allotropic  forms,  135. 
compounds,  136. 
ethide,  138. 

Specific  Heat,  2 50. 
Boyle’s  law,  264. 

Brass,  216. 

Braunite,  210. 

Bricks,  192. 

Brimstone,  64. 

Brine,  163. 

Bromates,  130. 

Bromine,  87. 

oxides,  125. 

Bronze,  216. 

Cadmium,  185. 

vapour  density,  187. 
u,  salts,  186. 

Caesium,  157. 

Cairngorm,  138. 

Cal  cite,  173. 

Calcium,  173. 
salts,  174. 

phosphate,  112,  12 1. 
Calculation  of  Formulae,  155. 
Calomel,  226. 

molecular  weight,  228. 
Carbon,  50. 

forms  of,  50. 
allotropic  forms,  51. 
absorptive  power,  52. 
Carbon  di- oxide,  in  air,  45. 
properties,  55,  56. 
liquefaction  of,  256. 
Carbon  disulphide,  77. 
Carbon-monoxide,  59. 

Carbon  oxides,  53,  57,  58. 
Carbon,  specific  heat,  250. 
Carbonic  acid  gas  in  air,  45. 
Carbonic  oxide,  59. 

Carnallite,  J58. 

Cassiterite,  234. 

Celestine,  177. 

Chalcedony,  1 39. 

Chalk,  173. 

Charcoal,  Animal,  51. 

Wood,  51. 

Chemical  Action,  3. 

Combination,  Laws  of,  5. 
Chili  Saltpetre,  162. 
Chlorates,  128. 

Chloric  acid,  127. 

Chlorides,  metallic,  81. 


Chlorine,  84. 

combustion  in,  86. 
bleaching,  86. 
specific  heat,  250. 

Chlorine-oxides,  125. 

Chlorous  acid,  126. 
anhydride,  126. 

Chromates,  207,  208. 

Chrome  alum,  209. 

ironstone,  206,  207. 

Chromic  salts,  206,  209. 

Chromium,  206. 

Chromous  salts,  206,  209. 

Cinnabar,  224. 

Clarke’s  Soap  Test,  175. 

Clay,  141,  191. 

Cobalt,  203. 

Coinage,  silver,  223. 
bronze,  216. 

Coke,  51. 

Colloids,  140. 

Combination,  2. 

Combining  Weights,  7. 

Combustibles,  61. 

Combustion,  61. 
of  carbon,  55. 
in  Hydrogen,  20. 
in  Oxygen,  24. 
with  copper  oxide,  218 
of  sugar,  218. 

Compounds,  2. 

Copper,  214.  ^ 
pyrites,  214. 
salts,  216. 

Coprolites,  112. 

Corrosive  Sublimate,  227. 

Corundum,  1S8. 

Critical  temperature,  259. 

Cryolite,  188. 

Cupellation,  236. 

Cupric  Salts,  217. 

Cuprous  Salts,  216. 

Davy,  Sir  Humphrey,  158, 

Dialysis,  140,  190,  20 r. 

Diamine,  1 1 1 . 

Diamond,  50. 

Dibasic  Acids,  74. 

Diffusion,  259. 

Dissociation,  169. 

Distillation  of  Water,  40. 
of  Sulphur,  67. 

Distilled  Water,  40. 

Dulong  and  Petit,  249. 
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Dumaa,  composition  of  Water, 
31- 

Dyad  elements,  150. 

Metals,  172,  181. 

Earthenware,  192. 

Electrolysis,  156. 

Electroplating,  221. 

Electrotype,  220. 

Elements,  i. 

Emery,  188. 

Equations,  13. 

Equivalent  weight,  7. 

Ethyl  phosphamine,  123. 
phosphine,  124. 

Eudiometer,  described,  32. 

U-shape,  34. 
calculations,  265. 

Expansion  of  gases,  262. 

Felspar,  141,  i88,  192. 

Fermentation,  56. 

Ferric  salts,  199,  201. 

Ferricyanides,  202. 

Ferrocyanides,  202. 

Ferrous  salts,  199. 

Fire  clay,  192. 

Flames,  62. 

Flint,  139. 

Flint  glass,  142. 

Fluoboric  acid,  138. 

Fluor  spar,  173.  ^ 

Fluorides,  134. 

Fluorine,  132. 

compounds,  134. 
isolation,  133. 

Formulae,  calculation  of,  155. 
meaning  of,  12. 

Fumace,  gas,  17. 
revolving,  165. 

Fusible  alloys,  245. 

Galena,  64,  235. 

Gallium,  152,  188. 

Gas  analysis,  32. 
furnace,  17. 

Gases,  255. 

diffusion,  259. 
expansion  by  heat,  262. 
pressure  and  volume,  264. 
solubility,  39. 

Gay  Lussac  Tower,  72. 

German  silver,  204. 

Germanium,  152. 


Geysers,  141. 

Glass,  140,  142. 

Glycerine,  161. 

Graham  on  diffusion,  261. 

Gun  cotton,  99. 
metal,  216. 

powder,  composition,  16 1. 

Gypsum,  173. 

Halogen  elements,  78. 

Hard  and  soft  waters,  40. 

Hardness  of  water,  175. 

Hausmannite,  2ii. 

Heat  of  combinations  of  halogens, 
92,  115,  132. 

Heat  of  combustion  of  carbon,  55. 
of  hydrogen,  4. 
of  phosphorus,  115. 

Heat  of  formation  of  hydrogen 
chloride,  80. 

Heavy  spar,  180. 

Heptad  elements,  15 1. 
metals,  210. 

Hexad  elements,  151. 
metals,  206. 

Hydriodic  acid,  92, 

Hydrobromic  acid,  89. 

Hydrochloric  acid,  78,  81. 

Hydro-fluo-silicic  acid,  143. 

Hydrogen,  14. 

atomic  heat,  252. 
bromide,  88.  • 

chloride,  78. 
dioxide,  41. 
fluoride,  133. 
from  water,  16,  17. 
iodide,  91. 
nitrate,  98. 
properties  of,  18,  19. 
sulphide,  76. 
weight  and  volume,  20. 

Hydroxyl  amine,  102,  no. 

Hypobromites,  130. 

Hypochlorites,  127. 

Hypochlorous  acid,  127. 

Hyponitrites,  no. 

Hypophosphites,  122. 

Hypophosphorous  acid,  122. 

Hyposulphites,  70- 

Iceland  spar,  173. 

Indium,  188,  251. 

lodates,  130. 

Iodic  acid,  130. 
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Iodine,  89. 

molecular  weight,  90. 
oxides,  125,  130. 

Iron,  193. 

smelting,  194. 

cast  and  wrought,  194,  197. 
salts  of,  200. 

Jasper,  138. 

Kaolin,  188. 

Kelp,  89. 

Latent  heat,  fusion,  254. 
steam,  37, 
vapours,  256. 
water,  36. 

Lead  and  its  salts,  235. 
chambers,  71. 
in  glass,  142. 
tetrethyl,  231. 

Leblanc,  process,  163. 

Lime,  176. 

milk  of,  176. 
light,  17. 
soap,  175. 
water,  176. 

Limestone,  173. 

Liquefaction  of  gases,  256. 
Liquids,  254, 

Litharge,  238. 

Lithium,  157. 

Lixiviation,  158,  166. 

Magnesia,  183. 

Magnesium,  181. 

phosphate,  121. 

Malachite,  214. 

Manganates,  212. 

Manganese,  210. 

Manganous  salts,  2 1 1 . 

Marble,  173. 

Mariotte’s  Law,  264. 

Marsh’s  Test,  antimony,  245. 

arsenic,  147. 

Massicot,  238. 

Matter,  three  states,  253. 
Mercuric  salts,  225. 

Mercurous  salts,  225. 

Mercury,  224. 

Metals,  156. 

specific  heats,  249. 
Metaphosphoric  acid,  119. 
Mirrors,  221. 


Mispickel,  144. 

Mixture,  2. 

Molecular  Heats,  251. 

Molecules,  8. 

Molybdenum,  206. 

Monad  elements,  150. 

Monobasic  acids,  153. 

Mortars,  176. 

hydraulic,  176. 
blue  lias,  176. 

Multiple  proportions,  5. 

Natrium,  161. 

Natural  waters,  39. 

Neutral  salts,  74. 

Newlands,  Mr.  j.  A.  E,.,  151. 

Nickel  and  compounds,  203. 

Nitre  beds,  loi. 

Nitric  acid,  93. 

preparation,  98. 
properties,  99. 
synthesis,  100. 
with  metals,  loi. 

Nitric  anhydride,  104. 

Nitrification,  100. 

Nitrites,  106. 

Nitrobenzene,  99. 

Nitroderivatives,  99. 

Nitrogen,  42,  92. 

atomic  heat,  252. 
oxides,  104. 
properties,  44. 
separated  from  air,  42,  44. 

Nitroglycerine,  99. 

Nitrous  acid,  106. 
oxide,  109. 

Nordhausen  acid,  75. 

Oil  of  vitriol,  70,  73. 

Olivine,  141. 

Opal,  139. 

Organic  analysis,  218. 

Orpiment,  144. 

Oxides,  reduction  in  Hydrogen, 
30- 

Oxygen,  properties  of,  23. 
absorbed  from  air,  43. 
atomic  heat,  252. 

Baryta  process,  180. 
from  air,  21. 
in  air,  49. 
liquid,  258. 

Aveight  of,  25. 


Index. 


271 


Ozone,  25. 

density  of,  27. 
tube,  26. 

Pattinson’s  process,  236. 

Pearl  ash,  158,  16 1. 

Pentad  elements,  151. 
metals,  241. 

Pepys’  gasholder,  23. 

Perchlorates,  129. 

Perchloric  acid,  129. 

Periodates,  130. 

Periodic  acid,  130. 
law,  152. 

Permanganates,  213. 

Pewter,  232. 

Phosphamine,  123. 

Phosphates,  120. 

Phosphine,  123. 

Phosphonium  iodide,  123. 

Phosphoric  acid,  112,  118. 

Phosphorite,  112. 

Phosphorous  acid,  121. 

Phosphorus,  112. 

allotropic  forms,  114. 
bromide,  88. 
chloride,  80,  116. 
heat  of  combustion,  115. 
iodide,  91. 
oxides,  115. 
specific  heat,  250. 

Photography,  224. 

Plant  ashes,  161,  162. 

Plaster  of  Paris,  177. 

Plating,  221. 

Platinum,  ammonium  chloride,  169. 

Porcelain,  191. 

Potash,  160. 

Potashes,  crude,  158. 

Potassium,  156,  157. 
alloy,  162. 
chlorate,  22. 
chromates,  207. 
manganate,  212. 
permanganate,  213. 
salts,  159. 

Pottery,  191. 

Printer’s  t}?pe,  237. 

Prussian  blue,  203. 

Pyrites,  64,  194,  214. 
arsenical,  144. 

Pyroboric  acid,  137. 

Pyrolusite,  210. 

Pyrophosphoric  acid,  119. 


Quanti  valence,  150,  151. 

Quartz,  139. 

Rain  water,  39. 

Realgar,  144. 

Reciprocal  proportions,  6. 

Reduction,  in  hydrogen,  30. 

Reduction  of  chromates,  208. 
of  ferric  salts,  201. 
of  lead,  236. 
of  oxides,  194,  217. 
of  permanganates,  213. 

Reinsch’s  test  for  arsenic,  148. 

River  water,  39. 

Roasting,  236. 

Rock  crystal,  139. 
salt,  163. 

Rubidium,  157, 

Ruby,  188. 

Salt  cake,  163,  164. 

Salt  mines,  163. 

Salterns,  163. 

Salts,  74. 
acid,  74. 
neutral,  74. 

Sand,  139. 

Sapphire,  188. 

Saturated  solution,  38. 

Schlippe’s  salt,  244. 

Sea  water,  39. 

Silica,  forms  of,  139. 
dialysis,  140. 

Silicates,  141. 

Silicic  acids,  140. 

Silicon,  135. 

allotropic  forms,  138. 
chloride,  142. 
fluoride,  142. 
hydride,  143. 
oxide,  139. 
specific  heat,  250. 

Silver,  220. 

coinage,  223. 
from  lead,  236. 
salts,  223. 

Silvering  glass,  221. 

Silvine,  158. 

Sinter,  141. 

Smalt,  204. 

Soap,  lime,  175. 
soft,  161. 

Soaps,  production  of,  16 1. 
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Soda,  167. 
ash,  163. 
crystals,  166. 

Sodium,  156,  161. 
alloy,  162. 
borate,  137. 
phosphate,  1 20. 
salts,  162,  166. 

Softening  waters,  175- 

Solder,  232. 

Solution,  37,  38. 

Soot,  50,  51. 

Specific  heats,  240,  2c.o. 

Spinel,  188. 

Spring  water,  39. 

Stannates,  234. 

Stannic  acids,  234. 

Stannic  salts,  232. 

Stannous  salts,  232. 

Stannum,  Tin,  231. 

Stassfurt,  salt  mines,  158. 

Steam,  decomposed,  17,  28. 
latent  heat  of,  37,  256. 
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